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INTRODUCTION 
The soil is a dynamic system in which many chemical and 
biological transformations occur. These transformations in­
volve several elements of the periodic chart, but one element 
that deserves special recognition is nitrogen (N). Nitrogen 
Is an essential element for the growth and metabolism of both 
procaryotes and eucaryotes. Chemical reactions of N in soils 
are currently being monitored because of their importance 
in crop productivity and environmental quality. Often, the 
soil N supply as a plant nutrient becomes deficient and addi­
tional sources are supplied to supplement the soil's natural 
fertility. 
A number of problems are encountered with the most popu­
lar N fertilizers currently being used on agricultural soils. 
For example, (l) high pressure anhydrous ammonia is hazardous 
to handle, requires special equipment, and cannot be mixed with 
other fertilizer elements, (2) ammonium nitrate becomes rapid­
ly available to plants but the nitrate ion is not sorbed to 
the cation exchange complex and is often subject to leaching 
and denitrification losses under anaerobic conditions. 
(3) urea often undergoes rapid hydrolysis in soils resulting 
in gaseous loss as ammonia, nitrite toxicity, and free ammonia 
damage to seedlings, and (4) ammonium sulfate has a low analy­
sis (21% N) which increases its cost of storage and handling, 
A nitrogen fertilizer that is devoid of these problems and has 
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a relatively high analysis is desperately needed. The possi­
bility of using various amides as N fertilizers seems to have 
been ignored. 
An amide is characterized by having carbonyl and amine 
groups within its chemical structure: R-CO-NH2. The radical 
(R) can be substituted with a (such as formamide), an amine 
group (such as urea) or a complex as as £-
nitrobenzamide). Aliphatic amides are produced biologically 
from the reaction of organic acids with ammonia or amines. 
There are several methods for production of aliphatic amides 
commercially. For example, formamide is produced on a large-
scale basis from CO and NH^ at high pressures and temperatures, 
and acetamide is prepared by fractional distillation of am­
monium acetate. 
The use of an amide (other than urea) as a N fertilizer 
has been proposed as far back as 1937 when formamide was 
added to soils to supply plants with N. Since then, encourag­
ing results have bean obtained in both greenhouse experiments 
and field trials with oxamide and formamide. The Japanese have 
introduced oxamide to the fertilizer industry as a slow releas­
ing N source. This compound, however, is too expensive to be 
used on a large scale. Formamide has been compared favorably 
with urea as a source of N in several greenhouse experiments 
by TVA. Even acrylamide, a by-product of sludge conditioning 
and of production of many industrial products, has some poten­
tial as a source of N because, when applied to soils, substan­
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tial increases in dry weight of several crops have been 
roporl I'd. 
Amides should be recognized as potential N fertilizers 
because: (l) most are water-soluble, thus they may be applied 
as solutions or solids, (2) their rates of hydrolysis vary, 
some are slow N releasing, others release N rapidly» (3) most 
amides are nonhygroscopic, (4) their N content varies, but 
many are comparable to today's popular nonpressure N fer­
tilizers, (5) most amides can be handled safely, and (6) some 
inhibit the process of nitrification, but not ammonification» 
thus accumulating as NH^ that is sorbed by the cation-exchange 
complex (countering NO^ losses of N through leaching and 
denitrification). 
Amidase (acylamide amidohydrolase, EC 3.5.1.4) is the 
enzyme that catalyzes the hydrolysis of aliphatic amides pro­
ducing ammonia and their corresponding carboxylic acids. The 
lack of information about amidase in soils seems mainly derived 
from lack of methods for assay of the activity of this enzyme. 
Studies are needed to develop a simple and precise method for 
assaying soil amidase activity and evaluate the factors affect­
ing this enzyme because its substrates, aliphatic amides, have 
potentials as synthetic N fertilizers. 
In addition, before amides can be used as N fertilizers, 
the enzymatic process involved in their hydrolysis requires a 
thorough evaluation. Information about the distribution, 
stability, and kinetic properties of soil amidase is needed. 
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The distribution of amidase in soil profiles is important be­
cause placement of its substrates, as N fertilizers, within 
the subsurface may reduce their rates of hydrolysis. Informa­
tion concerning the stability of amidase in soils is desired 
because the methods of handling, storing, and pretreating the 
soil sample before the enzyme assay may affect its activity. 
Kinetic analyses of the reaction catalyzed by amidase could 
play an important role in characterizing this enzyme by re­
vealing its affinity toward the substrate(s), the energy re­
quired for the reactant to reach an activated condition, and 
the temperature dependence of the rate constant. 
Environmental pollution by the disposal of sewage sludges, 
industrial wastes, and application of pesticides on agricul­
tural soils have been of concern in recent years. Trace ele­
ments contributed by the sewage sludges and treatment with 
several pesticides may affect some biochemical processes in 
soils which are enzymatic in nature. Investigations are 
needed for evaluating such effects, bccausc snzymss play an 
important role in recycling plant nutrients in soil systems. 
It is generally agreed that extracellular enzymes found 
in soils are sorbed by clay and humic materials. Soil con­
stituents may have a major role in influencing the properties 
and activities of soil enzymes. Most of the extracellular 
enzymes in soils are believed to be microbial in nature. 
Therefore, it would be desirable to compare activities and 
kinetic parameters of bacterial amidase with those of the same 
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enzyme but in soils. 
The objectives of this study were: (l) to develop 
a simple and sensitive method for the detection of amidase 
activity in soils and to ascertain the factors influencing 
the observed activity, (2) to characterize soil amidase by 
determining its kinetic parameters such as and 
values, activation energy and 's, (3) to study the sta­
bility and distribution of soil amidase, (4) to evaluate the 
effects of trace elements and pesticides on amidase activity 
in soils, (5) to study the transformations of N in various 
amides and their derivatives added to soils, and (5) to 
characterize amidase of bacteria isolated from soil. 
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LITERATURE REVIEW 
Nitrogen (N) is classified as an essential nutrient for 
plant growth and development. It is a constituent of chloro­
phyll, all proteins, all nucleic acids, and many metabolic 
intermediates involved in synthesis and energy transfer 
(Viets, 1965). Nitrogen is the fourth most abundant element 
in plants following carbon, hydrogen, and oxygen. As much as 
70% of the total N in leaves may be in chloroplasts (Stocking 
and Ongun, 1962). But in soils, N is frequently deficient 
for plant growth and its availability is the most unpredictable 
of all nutrient elements. 
Stevenson (1965) reviewed the geochemical distribution of 
N on earth and reported that the available N in igneous rocks 
is so low, that it is negligible for meeting the plant's need. 
The earth's atmosphere contains 78% N (by volume), but plants 
cannot use this inert source unless Ng is chemically combined 
with carbon, hydrogen or oxygen. Although we are surrounded 
by an ocean of N, crop yields are limited by this element more 
than any other nutrient. 
The N content of surface soils of the U.S.A. varies from 
0,01 to 1% or higher, the higher values being characteristic 
of organic soils (Shreiner and Brown, 1938). The inorganic N 
fraction constitutes only a small portion of the total N, 
generally less than 5%. Within this fraction, there exist 
three forms of N: ammonium (NH^), nitrite (NOg), and nitrate 
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(NO^). Nitrite in soils is detected only under some circum­
stances, but the amount is generally very small compared to 
the amounts of NOg and NH^. Under natural conditions, plants 
absorb most of their N from the soil solution in mineral form, 
mainly as NO^. The enzymes, nitrate and nitrite reductases, 
reduce NO^ and NO^, respectively, to NH^ which is incorporated 
into organic compounds in plants. 
Generally, more than 95% of the total N in most surface 
soils is organically combined. Fractionization of total N 
reveals that 20 to 40% is in the form of combined amino acids, 
5 to 10% as combined hexosamines, 1 to 2% as purine and 
pyrimidime derivatives, and 40 to 60% unidentified. Also, 
trace amounts of choline, creatinine, ethanolamine, histamine, 
trimethylamine, urea, cyanuric acid, a-picoline-8-p-carboxylic 
acid, and allantoin have been isolated from soils (Bremner, 
1965a). 
One interesting note in the chemical nature of N in soils 
is that a large proportion of N (15 to 25% of the total soil N) 
is released as NH^ by acid hydrolysis (5 N HCl). There is 
some evidence that some of the NH^ is formed by hydrolysis of 
amide (glutamine and asparagine) residues in soil organic 
matter (Sowden, 1958). Other possible sources include hydroxy-
amino acids (serine and threonine) and amino sugars. The 
occurrence of ammonium trapped in the lattice of clay minerals 
could also contribute to a significant amount of NH^ released 
by acid hydrolysis (Stevenson, 1957). 
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The organic nitrogenous material in soils is often con­
sidered as a reserve of N for plant nutrition and the inor­
ganic N is the actual source available for direct uptake. 
Microbial release of inorganic N from organic nitrogenous 
materials is a result of mineralization. Several factors 
affect the rate of N mineralization in soils including soil 
pH, percentage of organic C and N, temperature, moisture, and 
the addition of salts (Abdelmagid, 1980), Mineralization gen­
erally involves two distinct microbial processes, ammonifica-
tion, in which NH^ is formed from organic compounds, and 
nitrification, the oxidation of NH^ to NO^. Under aerobic 
conditions, NO^ is the dominant end-product and under water­
logged (anaerobic) conditions NH^ is the only product. 
Mineralization of N has been shown to be dependent on the 
soil carbon to nitrogen ratio (Harmsen and Kolenbrander, 1965). 
Wide ratios favor immobilization, which involves microbial 
assimilation of inorganic N, and narrow ratios promote min­
eralization of decomposing organic matter. Nitrogen will 
eventually be mineralized even if the organic material added 
to soils has a wide CiN ratio, but the time required for such 
action will be lengthy. The narrower the C:N ratio of decom­
posable material, the sooner N will be mineralized. Competi­
tion between soil microbes and crops for N should be avoided 
because the crop will suffer until microbial needs are satis­
fied. When such conditions are likely to occur, N fertilizers 
should be added. 
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Nitrogen fertilizers may be inorganic or organic. Min­
eral forms of N fertilizers are popular because they are 
easier to haul and spread, more concentrated, and usually 
cheaper than the organic forms. The more popular inorganic 
N fertilizers include anhydrous ammonia (82% N), ammonium sul­
fate (21% N), ammonium nitrate (35% N), monoammonium phosphate 
(11% N), diammonium phosphate (18% N), and potassium nitrate 
(13% N). 
Among the organic N sources, urea is the most popular be­
cause of its high analysis of N. It contains 46% N and is 
rapidly hydrolyzed to ammonium when applied to soils. Other 
organic N sources include animal manure and organic wastes 
such as sewage sludge. Both manure and dried sludge contain 
appreciable amounts of N and their disposal on soils facili­
tates the recycling of elements available for plant uptake. 
Most organic N materials applied to soils are not directly 
assimilated by the plant. Many are decomposed by soil hy-
drolytic enzjines^ For example> the enzyme, urease, catalyzes 
the hydrolysis of urea in soils producing carbon dioxide and 
ammonia. When animal manure and organic wastes are applied to 
soils, proteases decompose the proteins to form a N source 
available for plant growth. The presence of hydrolytic en­
zymes in soils makes it an ideal medium for disposal of sev­
eral other organic compounds such as pollutants. Many enzymes 
are involved in recycling of nutrients from decomposing or­
ganic matter and fertilizers, but investigations are 
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desperately needed to study their contribution in maximizing 
crop yields. 
Enzymes and Their Activities in Soils 
Enzymes have an essential role in catalyzing specific 
chemical reactions and their activities are involved in energy 
transfer, environmental quality, and crop productivity. For 
example, the output of methane, hydrogen gas, and the transfer 
of solar energy to chemical energy by the methanogenic, hydro­
gen, and photosynthetic bacteria, respectively, are of en­
zymatic control. Microorganisms in the air, soil, and water 
that have degradative ability through hydrolytic enzymes are 
active in the breakdown of products such as air pollutants, 
pesticides, plastics, paper, petroleum, and laundry deter­
gents. Several soil enzymes contribute to the nutrition and 
productivity of crops by hydrolyzing unassimilable forms of 
organic substances to forms which are available to plants. 
Also, the efficiency of fertilizers applied to agricultural 
soils could be increased by manipulating enzymatic processes 
in soils. One well-known example would be the use of N-serve 
and its inhibition of nitrification. 
The Commission of Enzymes of the International Union of 
Biochemistry has classified enzymes into six major classes 
(Florkin and Stotz, 1964): (l) oxido-reductases (electron-
transfer reactions, (2) transferases (transfer of functional 
groups), (3) hydrolases (hydrolysis reactions), (4) lyases 
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(addition to double bonds), (5) isomerases (isomerization 
reactions), and (6) ligases (formation of bonds with ATP 
cleavage). Each enzyme has a classification number that 
specifies the type of reaction catalyzed. For example, the 
enzyme amidase (recommended trivial name) has the systematic 
name of acylamide amidohydrolase. The subclass unit of the 
identification number (3.5.1.4) specifies that it is a 
hydrolyase (3) which acts on C-N bonds other than peptide 
bonds (3.5) in linear amides (3.5.1). The number 3,5.1.4 
represents the reaction catalyzed by amidase: 
R*C0NH2 + amidase = R*CO-amidase + NHg 
R»CO-amidase + H2O = R«COOH + amidase. 
Soil enzymes in the classes of oxido-reductases and hy-
drolyases are frequently studied because of their relation­
ship to microbial respiration and their importance in recy­
cling plant nutrients, respectively. Soil transferase ard 
lyase activities have also been reported in soils but not as 
intensively as classes (l) and (3). Isomerase and ligase 
activities have not yet been detected in soils. 
Recently, Skujins (1978) presented an excellent review 
on the history of the field of soil enzymology. According to 
Skujins (1978), the presence of enzymes (oxidases) in soils 
was first detected by A. F. Woods in 1899, and later, Cameron 
and Bell in 1905 detected the presence of soil peroxidase by 
a colorimetric method using a guaiac solution. In the early 
1900s, catalase activity was reported in soils and several 
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investigators demonstrated that this enzyme was contributing 
to the turnover of humus. As time progressed, more reports 
about the study of different soil enzymes appeared in various 
journals. In 1933, Rotini (as cited by Skujins, 1967) was 
able to demonstrate the presence of pyrophosphatase in soils 
and in 1935 reported the enzymatic decomposition of cyanamide 
into urea. Later, Conrad (1942) reported the presence of 
urease activity in soils. Soil phosphatase activity was first 
detected by Rogers in 1942 and since then several other in­
vestigators have characterized this enzyme by using various 
organic orthophosphoric mono- and di-esters substrates. Most 
of the extracellular carbohydrases (amylase, cellulase, 
dextranase, galactosidase, glucosidase, invertase, levanase, 
pectinase, and xylanase) were detected in soils in the early 
1950s. At present, the number of enzymes whose activity has 
been detected in soils is greater than 50 (Skujins, 1978). 
Soil enzymes have primarily been connected to the metabo­
lism of carbohydrates-, nitrogen-, phosphorus-containing 
organic compounds, and catalyzing oxido-reduction processes 
(Kuprevich and Shcherbakova, 1971). Enzymes of special sig­
nificance in the carbon cycle include amylase, cellulase, 
glycosidase, and invertase. Metabolism of nitrogenous com­
pounds commonly involves proteinases and peptidases (caseinase, 
gelatinase, pepsin, and trypsin), deaminases, and amidohy-
drolases (asparaginase, glutaminase, and urease). Some im­
portant enzymes involved in the soil P cycle include phytase. 
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adenosine triphosphatase, phosphomonoesterase, phosphodies­
terase, and pyrophosphatase. The oxido-reductase class of 
soil enzymes include catalase, dehydrogenase, and peroxidase. 
In the past, most of the contributions in soil enzymology 
had come from Western and Eastern Europe, particularly Belgium, 
Germany, France, Rumania, and the USSR. However, attention is 
now being focused world-wide on enzymatic activities within 
various ecosystems including the terrestrial and aquatic en­
vironments. 
Several attempts have been made to use soil enzyme ac­
tivities as an index of biological activity, microbial popula­
tions, and soil fertility. However, the use of enzyme ac­
tivity for indexing microbial populations and soil fertility 
has yielded contradictory results. Pukhidskaya and Kovrigo 
(1974) found that microbial numbers and phosphatase activity 
correlated significantly, but Roizin and Egorov (1972) could 
not. Waksman and Dubos (1926) suggested that catalyase ac­
tivity be used as an index for soil fertility, but later con­
cluded that the soil was too complex for such a simple assay. 
The review paper by Skujins (1978) indicates that soil fer­
tility was then again linked to catalyase activity in the 
1930's by the work of Kurtyakov (1931), Radu (1931), Rotini 
(1931), and Galetti (1932). Later, Hofmann and Seegerer 
(1950) reported that invertase activity could be used as a 
fertility index of soils. Some of the main arguments against 
using the assay as an index are (l) the variability of physical 
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and chemical properties within different soils and (2) enzymes 
being substrate specific should not reflect the total bio­
logical activity, the total diversified microbial population, 
and the total nutrient status of the soil. However, it has 
been shown that generally enzyme activity is correlated with 
soil organic matter. 
Microbial cells are believed to be the primary source of 
enzymes in soils (Kiss et al., 1975). However, enzymes can 
also originate from plant and animal residues deposited on 
the soil. Ross (1975) believes that plants contribute sig­
nificantly to amylase and invertase activities in soils. Among 
the plant organs, the roots are probably the most important 
source of soil enzymes. Their contribution to enzyme activity 
in soils may result with the secretion of extracellular en­
zymes through the mucigel layers. The activity of many enzymes 
is considerably greater in the rhizosphere, but it is not 
clear whether this is due to the microflora or plant roots or 
both (Davtyan, 1958), The contribution by soil fauna to the 
enzyme content in soil has been studied by Kiss (1957) who 
examined the contribution made to invertase activity by earth­
worms and ants. Their excreta in grassland and in cultivated 
fields was a considerable factor, especially in the surface 
layers of the soil. 
It is generally accepted that enzymes of plant, animal, 
and microbial origin are released into the soil and can per­
sist for long periods of time after the original source has 
15 
been removed or destroyed. The native enzymatic activity 
which has been found to be so persistent in soils (Burns et 
al., 1972b) is considered to be extracellular in nature. The 
persistence of soil enzymes is believed to occur because of 
clay and complex organic heterocondensates binding the pro­
teins and slowing the decomposition by microorganisms and 
added proteinases (Ladd, 1978), Evidence for this was re­
ported by Hoffmann (1959) who found that urease activity was 
the highest in the clay fraction of soils and since there 
were practically no microorganisms present it was concluded 
that urease had been adsorbed and remained active on the clay. 
Soil Enzymes and Their Role in Recycling Nitrogen 
The group of soil enzymes which play an important role 
in the N cycle includes the proteases and peptidases, deamin­
ases, and amidohydrolases. The degradation of proteins yields 
peptides and amino acids. Protease participates in the N 
cycle by releasing from the organic amines in soil through 
ammonification. Protease and peptidase are assayed by using 
substrates such as ovalbumin (Ambroz, 1965), casein (Ladd and 
Butler, 1972), azocasein (Macura and Vagnerova, 1969), 
haemoglobin (Antoniani et al., 1954), and gelatin (Hofmann 
and Niggemann, 1953). 
Subrahmanyan (1927) reported that several amino acids 
such as glycine, alanine, asparatic acid, and asparagine could 
be deaminated with soil extracts. Deaminases can hydrolyze 
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amino acids and other protein derivatives to NHg with the 
formation of "hydroxy" acids: 
R'CH'NHg'COOH + H^O = R.CH'OH'COOH + NH3 . 
This reaction has been shown to be enzymatic in nature and of 
microbial origin. One should note that deaminase and amidase 
differ in that amino and amido groups are hydrolyzed, re­
spectively. Extracellular protease, peptidase, and deaminase 
may contribute by releasing substantial amounts of free NH^ 
in soils. 
There are four amidohydrolases which are of particular 
interest in the nitrogen nutrition of plants. These include 
L-asparaginase (EC 3.5.1.1), L-glutaminase (EC 3.5.1.2), 
urease (EC 3.5.1.5) and aliphatic amidase (EC 3.5.1.4). These 
hydrolases are specific but related in that each act on C-N 
bonds other than peptide bonds and their substrates are linear 
amides. 
L-asparaginase (L-asparagine amidohydrolase) was first 
detected in soils by Drobni'k (1956). This enzyme catalyzes 
the hydrolysis of L-asparagine and produces NH^ and L-
asparatate: 
NHg-CO-CHg-CH-NHg-COOH + H^O = HOOC-CHg-CH-NHg-COOH + NH3 . 
In 1965, Mouraret (as cited by Ladd, 1978) indicated that L-
asparaginase accumulates in soils and is most likely 
bound to cell constituents. It is widely distributed 
in nature, being found in animals, plants, and microorganisms 
(Wriston and Yellin, 1973). 
17 
L-glutaminase (L-glutamine amidohydrolase) in soils was 
first detected by Galstyan and Saakyan (1973). The reaction 
catalyzed by this enzyme involves the hydrolysis of L-
glutamine yielding and L-glutamate; 
NH2-CO-CH2-CH2-CH-NH2-COOH + H2O = 
HOOC-CH2-CH2-CH-NH2-COOH + NH3 
L-gluaminase activity is greater in toluene-treated soils 
when compared to a soil in the absence of toluene (Galstyan 
and Saakyan, 1973). Unfortunately, this enzyme has not been 
studied intensively in soils. 
The enzyme urease (urea amidohydrolase) has been well-
characterized in soils because of the fact that its sub­
strate, urea, is added to soils as a synthetic fertilizer and 
in animal excreta. Urease catalyzes the hydrolysis of urea to 
ammonia and carbon dioxide: 
NH2-CO-NH2 + H2O = CO2 + 2NH3 . 
Urease was first detected in soils by Rotini (1935) and, since 
then, has been thoroughly evaluated in its method of detection, 
kinetics, thermodynamics, stability, and distribution 
(Tabatabai and Bremner, 1972; Tabatabai, 1973, 1977; Dalai, 
1975). It has been detected in many plants, animals, and 
microorganisms. It was the first enzyme isolated in pure and 
crystalline form from extracts of jackbean (Sumner, 1926). 
Several attempts have been made to extract urease from 
soils (Conrad, 1940; Haig, 1955; Burns et al., 1972a; McLaren 
et al., 1975), but the purity and activity of the preparation 
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is often of low quality. The kinetic parameters of soil 
urease (Michaelis constant, and energy of activation, E^) 
reported by several soil scientists shows a wide divergence 
in values because of the difference in choice of buffer, opti­
mum pH, urea concentration, temperature and time of incubation, 
and pretreatments of the soil before assay. There have been 
many methods introduced in the literature on the assay of soil 
urease which involves the estimation of NH^ released, urea 
decomposed, or CO2 released. The information available about 
urease in soils has been recently reviewed by Bremner and 
Mulvaney (197 8). 
Detection, Distribution, Characterization, and 
Induction of Amidase 
The earliest recognition of amides being hydrolyzed by 
microorganisms was reported by Bierema in 1909 (as cited by 
Brigham, 1917). Formamide and acetamide were not readily 
assimilated although the latter was capable of supplying both 
nitrogen and carbon. It is now known that amidase (acylamide 
amidohydrolase) is the enzyme that catalyzes the hydrolysis of 
aliphatic amides and produces ammonia and their corresponding 
carboxylic acids: 
R-CO-NHg + HgO = R-COOH + NH3 . 
Amidase acts on C-N bonds other than peptide bonds in linear 
amides. It is specific for aliphatic amides and arylamides 
cannot act as substrates (Kelly and Clarke, 1962j Florkin and 
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Stotz, 1964). This enzyme is widely distributed in nature. 
It has been detected in animals, plant tissues, and in 
microorganisms. Among the animals, it occurs in the liver of 
rabbits, guinea pigs, rats, cats, dogs, and in the kidney of 
horses (Bray et al., 1949). Recent work in our laboratory 
showed that amidase is present in leaves of corn (Zea mays L.), 
sorghum (Sorghum bicolor L. Moench), alfalfa (Medicago sativa 
L.), and soybeans (Glycine max L.). Microorganisms which have 
been shown to possess amidase include bacteria (Clarke, 1970), 
yeast (Gorr and Wagner, 1933), and fungi (Hynes and Pateman, 
1970). Amidase is widely distributed among bacteria and not 
specific toward any taxonomical group. Among the bacteria, 
this enzyme has been detected in Mycobacterium (Halpern and 
Grossowicz, 1957), Lactobacillus (Hughes and Williamson, 1953), 
Psuedomonas (Kelly and Romberg, 1964), and Bacillus 
(Thalenfeld and Grossowicz, 1976). 
Enzymes can be characterized by studying their molecular 
structure, their mechanism of action, and their kinetic 
parameters. The molecular weight of amidase produced by 
Pseudomonas aeruginosa was found to be 200,000 daltons by 
sedimentation equilibrium analysis (Brown et al., 1973). Its 
quaternary structure was described as an oligomeric protein 
comprised of 6 protomers each of a molecular weight of 33,000. 
Methionine was reported as the amino terminal amino acid and 
alanine as the carboxyl terminal amino acid. By using cyanogen 
bromide cleavage and trypsin hydrolysis it has been shown that 
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the subunits are identical. 
Studies of selective inhibition and kinetic mechanisms 
of aliphatic amidase suggest that neither hydroxyl nor thiol 
groups are directly involved in the catalytic site, but the 
thiol groups appear to be necessary for the stabilization of 
the active enzyme conformation (Brown et al., 1973). 
McFarlane et al. (1965) have shown that thiol reagents such 
as g-chloromercuribenzoate, iodoacetamide, and iodoacetate 
were effective inhibitors of amidase. 
Findlater and Orsi (1973) suggest a possible mechanism 
of action by amidase on the hydrolysis of amides. The reac­
tion proceeds through a ternary complex involving an amide, 
water, and amidase. The reaction follows a sequential 
mechanism involving the elimination of ammonia by water. The 
term sequential implies that the enzyme is saturated with the 
substrate before the product is released. 
Kinetic constants have been reported for aliphatic ami­
dase, but show dependence on the source of the enzyme and sub­
strate used. Findlater and Orsi (1973) have reported values 
for Pseudomonas aeruginosa amidase of >2, 8.3 x 10 and 
7.8 X 10 ^ M by using the substrates formamide, acetamide, and 
propionamide, respectively. However, values of amidase de­
rived from Pseudomonas fluorescens were slightly different 
with an average of 5.0 mM with acetamide and 30 mM with 
propionamide as the substrates (Jakoby and Fredericks, 1964). 
Aliphatic amidase from Pseudomonas aeruginosa can act as 
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both a hydrolase and transferase (Kelly and Clarke, 1962; 
Kelly and Kornberg, 1964) by catalyzing the hydrolysis of 
aliphatic amides, 
R-CO-NH2 + amidase = R-CO-amidase + NHg (1) 
R-CO-amidase + HgO = R-CO-OH + amidase (2) 
and by transferring the acyl moiety to hydroxylamine, 
R-CO-amidase + NH2OH = R-CO-ONHg + amidase, (3) 
The transfer reaction (equations 1 and 3) can be observed 
with purified amidase only in the presence of hydroxylamine 
by using either acetamide or propionamide as a substrate. 
However, hydroxylamine is not present in the soil system to 
serve as an electron donor in the transfer reaction (Nelson, 
1979), Amidase isolated from soil microorganisms demonstrates 
two pH optima, one in the acid range (pH 6) and the other in 
the alkaline range (pH 8). The first is attributed to the 
hydrolysis of amides and the latter to the transferase reac­
tion. Jakoby and Fredericks (1954) found that fluoride and 
urea inhibit amidase hydrolysis in a competitive manner, but 
have no effect on the transfer reaction. Arsenite showed 
competitive inhibition in both systems (hydrolase and trans­
ferase reactions), 
Amidase activity has been perhaps more thoroughly in­
vestigated by the microbiologists than any other group of 
scientists. Amides are normally supplied in the growth media 
as the sole carbon and nitrogen source. In order for the 
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microorganisms to utilize this source for growth and metabo­
lism, the enzyme, amidase, must be present. Clarke (1972) 
compared the growth rates of certain strains of Pseudomonas 
aeruginosa. P. putida. P, acidovorans. and P. cepacia by 
growing them on a minimal salt medium containing aliphatic 
amides. She found that propionamide was hydrolyzed more 
rapidly than acetamide, but the latter was the best substrate 
for the amide transferase reaction. The rate of butyramide 
hydrolysis was 2 to 3% of the rate of acetamide hydrolysis 
with all strains. 
Kelly and Clarke (1962) isolated a strain of Pseudomonas 
aeruginosa growing on acetamide and propionamide as sole 
sources of carbon and nitrogen. They found that aliphatic 
amides containing 2 to 3 carbon atoms (acetamide, glycoiamide, 
acrylamide, and propionamide) were rapidly hydrolyzed by cell-
free extracts and formamide and butyramide were slowly hy­
drolyzed. This is in contrast, however, to the findings re­
ported by Murphy et al. (1975) showing that amides with 6 to 7 
carbon atoms are hydrolyzed more rapidly by a chick-embryo-
liver amidase and activity decreased with shorter or longer 
chain lengths. 
Hynes (1970, 1975) reported that Aspergillus nidulans 
could utilize acetamide as both a carbon and nitrogen source, 
but used formamide only as a nitrogen source. This investi­
gator proposed that three distinct amidases were involved in 
hydrolyzing amides. One of these enzymes, which he called 
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"formamidase" (not to be confused with formamidase EC 3.5.1,9 
•which acts on o-formylaminoacetophenone) could hydrolyze only 
formamide. The second amidase (which was called "acetamidase") 
acted on acetamide, propionamide, butyramide, acrylamide, 
glycolamide, glycineamide, valeramide, and hexanamide. The 
third amidase (which was called "general amidase") had a 
broad substrate specificity toward both the aliphatic and 
aromatic amides. "General amidase" could hydrolyze benzamide, 
phenylacetamide, butyramide, valeramide, and hexanamide. The 
first and third amidases were not inducible, but "acetamidase" 
was by the presence of certain substrates. The synthesis of 
all 3 amidases was reported to be repressed by the presence 
of ammonia. The work of Hynes is subject to criticism because 
aromatic amides act neither as substrates nor inducers of 
aliphatic amidase (EC 3.5,1,4)• According to the International 
Enzyme Commission, there is only one amidase that acts on all 
linear amides. 
Induction of amidase by an aliphatic amide was first 
found in Candida utilis (Clarke, 1970) grown on acetamide. 
All substrates of amidase do not necessarily induce the syn­
thesis of this enzyme, nor do all inducers act as amidase sub­
strates. Urea, cyanoacetamide, dimethylacetamide, and di-
methylformamide induced the synthesis of amidase, but are not 
substrates of this enzyme (Thalenfeld and Grossowicz, 1976). 
Amidase can also be induced by several other nonsubstrate 
inducers such as N-methyIformamide, N-methylacetamide, N-
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etliylacetamide, N-acetylacetamide, N-methypropionamide, N-
ethylpropionamide, lactamide, and methyl carbamate. Thio-
acetamide and cyanoacetamide are the only amides which are 
able to compete with the substrates or nonsubstrate inducers 
and prevent amidase induction, a process called "amide 
analogue repression" (Kelly and Clarke, 1962). 
Inducible amidase is subject to catabolite repression 
as demonstrated with Pseudomonas aeruginosa by Clarke et al. 
(1968) and Aspergillus nidulans by Hynes (1970). The synthe­
sis of amidase is also repressed by ammonia and the degree of 
repression is dependent on the carbon sources present. Glu­
cose severely inhibits the synthesis of Bacillus amidase 
(Thalenfeld and Grossowicz, 1976). The synthesis of 
Pseudomonas aeruginosa amidase is severely repressed by 
succinate and malate and less severely by acetate, lactate, 
and other intermediates of the Kreb cycle (Brammar and Clarke, 
1964). However, nitrogen starvation can cause an escape from 
catabolite repression of amidase synthesis (Hynes, 1970; 
Privai and Magasanik, 1971). Other known inhibitors of amidase 
induction include thioacetamide and thiourea (Thalenfeld and 
Grossowicz, 1976). 
One enzyme related to aliphatic amidase (EC 3.5.1.4) is 
aryl acylamidase (EC 3.5.1.13) which acts on para-substituted 
acylanilides. Hoagland (1974) reported that red rice, a weed 
which "cost rice growers millions of dollars annually, is able to 
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resist control of the herbicide, propanil. The chemical name 
of this herbicide is 3,4-dichlorophenylpropionanilide and its 
chemical structure is as follows: 
Red rice is the same species as commercial rice varieties and 
is resistant to control because it possesses the enzyme aryl 
acylamidase which metabolizes and detoxifies propanil. Com­
mercial rice varieties also possess this enzyme otherwise 
they would be killed by this herbicide. The presence of this 
enzyme in red rice is one reason for persistence of this weed 
in rice fields. Aryl acylamidase has also been detected in 
Hordeum sativum (Oji and Izawa, 1972) and Pinus svlvestris 
(Salmia and Mikola, 1976). 
Amides are a family of synthetic compounds which should 
be of interest in the future development of N fertilizers. 
The reactions of various amides in soils have not been studied 
intensively and their application as agrochemicals deserves 
investigation. 
Oxamide has been applied to many crops as a slow-releasing 
N fertilizer and its ability in supplying nitrogen is influ­
enced by its granule size (Ogata and Hino, 1958), The larger 
the size, the slower the release of nitrogen. Oxamide contains 
NHCOC_H 
The Use of Amides as Agrochemicals 
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approximately 32% N, is sparingly soluble in water, and is 
nonhygroscopic (Dilz and Steggerda, 1962). Ammonium oxalate 
is formed from the hydrolysis of oxamide. 
Oxamide has been applied to many grasses as a slow-
releasing N fertilizer. Beaton et al. (1967) supplied oxamide 
to orchardgrass with the intention of supplying nitrogen con­
tinuously over an extended period of time, minimizing luxury 
consumption, reducing nitrogen losses through leaching, de­
creasing gaseous losses, and reducing the injury of seedlings 
through plasmolysis. This amide was compared to several other 
N sources by studying the yield, N uptake, and apparent 
recovery of applied N for seven harvests of orchardgrass 
following surface application at rates of 56, 112, and 225 p,g 
N per pot. The apparent recovery of N was in the following 
order; urea (75%) = ammonium nitrate (74%) > thiourea (69%) 
> oxamide (65%) > urea + thiourea (63%) > hexamine (59%) > 
glycoluril (49%) > urea formaldehyde (41%) > ammonium salt 
of oxidized nitrogen enriched coal (39%). Yield and N uptake 
in the first harvest were greatest with (NH^)NOg, urea, urea + 
thiourea, and finely divided oxamide. Glycoluril and coated 
urea produced the highest yields and N uptake in the second 
and third harvest. 
Allen et al. (1973) reported the chemical distribution 
pattern for residual N in field plots amended with ^^N-
labeled oxamide. When native humus was compared, higher 
percentages of fertilizer N left after the first growing 
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season occurred as amino acids (52.0 vs 33.7%) and amino 
sugars (8.2 vs 7,5%); lower percentages occurred in acid-
insoluble forms (9.0 vs 15.2%), as acid-hydrolyzable organic 
ammonia (9.0 vs 17.0%), and as unidentified acid-soluble N 
(8.8 vs 20.3%). Their findings suggested that oxamide-N, 
once incorporated into soil organic matter, becomes increas­
ingly stable with time and is not readily mineralized or sub­
ject to leaching. 
Formamide, another synthetic amide, is a clear liquid 
that is miscible with ammonia and water. It has a vapor 
pressure of 29.4 mm Hg at 129.4°C, freezing point of 2.5°C, 
boiling point of 210°C at atmospheric pressure, and density 
of 1.13 (Louderback, 1966), This amide contains approximate­
ly 31% N. Formamide lias been proposed as a substitute for 
water in preparation of urea-ammonia liquor for treatment of 
superphosphate and mixed fertilizers (Brown and Reid, 1937). 
Ammoniation of superphosphate and fertilizer mixtures proves 
to be advantageous because such treatment gives a good 
mechanical condition of the mixture, neutralizes acidity, 
adds nitrogen, reduces storage difficulties, and aids in 
uniform distribution. Keenen (1930) found that the addition 
of more than 2 or 3% of N as ammonia in superphosphate caused 
a reversion of the available phosphate. In such mixes, urea 
was found to be stable; it caused no reversion and was used 
in producing a highly concentrated product. Formamide has 
also been shown to behave like urea in that it produces no 
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reversion (Rehling and Taylor, 1937). When formamide is 
added to superphosphatei the amide hydrolyzes to ammonium 
formate 
H-0 
HCONHg > HCOONH4 
which possesses a high degree of stability (Brown and Reid, 
1937), Ammonium formate contains about 21% N. 
From solution studies, Ciamician and Ravenna (1920) re­
ported that formamide was toxic to plants, but no attempt was 
made to study its effect on the soil medium. Rehling and 
Taylor (1937) tested this compound for toxic effects on 
microorganisms involved in ammonification and nitrification. 
Urea, formamide, and ammonium formate were applied at a rate 
of 400 pounds of N per acfe. They found that the amount of 
ammonia present due to ammonification of urea and formamide 
nearly coincided, which indicated a similar behavior of these 
two substances in soils. Also, there was no lag in the rate 
of nitrification of formamide or ammonium formate indicating 
that the amide was not toxic to the nitrifying bacteria in 
the soil. 
Brown and Reid (1937) conducted greenhouse pot studies 
to evaluate formamide and ammonium formate as N sources for 
oats, wheat, and millet. A total of 11 tests were made 
comparing these nitrogen sources with urea and ammonium 
sulfate. When all tests were considered, both formamide 
and ammonium formate produced higher yields than ammonium 
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sulfate, but were similar to the urea treatment. However, 
Terman et al. (1968) claim that the recovery of N by corn 
from sources containing amino N such as urea, formamide, 
h examine, and oxamide applied to the surface of both acid and 
alkaline soils was low because of ammonia volatilization. 
Much higher recoveries were shown by mixing these fertilizers 
within the soil. Recovery of nitrogen from surface-applied 
formamide was only 29% compared to 77% when mixed in the 
soil. High temperature and rapid drying promoted nitrogen 
losses as NH^ from surface applied urea and other nitrogen 
compounds containing NHg groups. 
The interest in using amides as nitrogen fertilizers has 
received renewed attention in recent years. Hunter (1974) 
evaluated the potential of formamide as a N fertilizer in 
field plot tests and compared its effectiveness with those of 
urea-ammonium-nitrate solution (UANS) and prilled-ammonim-
nitrate (PAN). In those experiments. Hunter (1974) applied 
formamide and UNAS as sprays to surface soils and PAN in 
bands 30 cm apart at the rate of 0, 28, 56, and 112 kg N per 
ha. He found that formamide was an effective source of N, 
but in general, slightly less effective than UANS or PAN, as 
was evident by lighter green color of plants, lower yield of 
grasses, less lodging of wheat, and lower N content of wheat 
grain. Some early leaf tip burning on grasses resulted from 
the treatment of formamide, but no such effects were observed 
with UANS or PAN treatments. 
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Other amides that are of commercial interest include 
cyanamide and fluoroacetamide. Calcium cyanamide (CaCNg) 
was the first commercial synthetic nitrogenous fertilizer 
which was very popular until anhydrous ammonia was introduced 
(Thompson and Troeh, 1976). It contains 35% N and is produced 
from the reaction of nitrogen gas with calcium carbide at high 
temperatures. Decomposition of calcium cyanamide in soils 
proceeds in 3 steps: calcium cyanamide hydrolyzes into 
cyanamide and calcium hydroxide, cyanamide is subsequently 
hydrolyzed into urea, and urea is converted to ammonium car­
bonate by urease activity. The reactions involved are as 
followsI 
CaCNg + = HgCNg + Ca(0H)2 
HgCNg + H^O = C0(NH2)2 
C0(NH2)2 + H2O = 2NH3 + CO2 . 
Several microorganisms can use cyanamide as a N source, 
provided that a source of carbon is available. The fimgus 
•Aspergillus niaer appears to convert cyanamide rapidly into 
urea (Temme, 1948), However, at high concentrations, cal­
cium cyanamide is chemically converted to dicyandiamide which 
is not easily biodegradable and has been shown to be a potent 
inhibitor of nitrification (Nommik, 1958), 
Cyanamide has also been used as a herbicide in the treat­
ment of tobacco plant beds and in preparing seedbeds for turf. 
When applied to soil, cyanamide becomes in contact with 
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moisture and undergoes a change to produce hydrogen cyana-
mide, an agent toxic to many seeds, plants, and microorganisms. 
This compound has also been used to control certain soil-
borne diseases. 
Fluoroacetamide (FCH^CONH^) has been used as a success­
ful rodenticide because of its fast action and high toxicity. 
It possesses a low mammalian toxicity and a long latent period 
before animals become distressed and stop feeding. Both 
cyanamide and fluoroacetamide are quite effective in their 
mode of action, but their stability and fate in the soil 
environment have not been thoroughly investigated. 
Another amide receiving attention from an environmental 
standpoint is acrylamide. Large quantities of acrylamide 
polymers are used in sludge conditioning, production of many 
industrial products, and many manufacturing operations (Croll 
et al., 1974). Should acrylamide happen to pass through these 
operations and reach the groundwater, hazardous conditions 
to man could develop. This amide is very toxic if present 
in the drinking water supply. The fate of acrylamide 
in soils has been reported by Lande et al. (1979). Its half-
life (estimated by the time required for release of one-half 
the ^^C02 evolved) was dependent upon temperature, and acryla­
mide concentration. At 22°C, its half-life ranged from 18 to 
45 hours for 25 pprt> of acrylamide (on a soil basis) . Decreas­
ing temperature or increasing acrylamide concentration in­
creased its half-life. Under anaerobic conditions, acrylamide 
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vas reported to be slowly hydrolyzed. This compound is also 
highly mobile in the soil. 
Gordon and Gilbert (1976) found that Barex 210, an in­
dustrial resin in food packaging industries which could cause 
waste disposal problems, can be acid hydrolyzed to convert 
approximately 50% of an acrylonitrile monomer to acrylamide. 
The treated resin was used as an adjunct in growth substrates 
to evaluate N availability for plant uptake. A N deficient 
soil was used to demonstrate resin performance as a N source 
for plant growth. They reported that when this amide was 
applied to soils, oat seedlings exhibited a substantial in­
crease in dry weight over the controls. 
Because of the potential of amides as N fertilizers, the 
chemical and biochemical transformations of these compounds 
in soils deserve investigation. 
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PART I. ASSAY OF AMIDASE ACTIVITY IN SOILS 
34 
INTRODUCTION 
There are several different classes of enzymes known to 
hydrolyze amide bonds. Proteolytic enzymes can hydrolyze 
peptide or amino-acid amides, e.g., trypsin and papain hy­
drolyze benzoyl argininamide and leucine aminopeptidase hy-
drolyzes leucinamide, aminobutyramide, and glycinamide (Clarke, 
1970). Penicillin amidases are specific enzymes produced by 
various fungal and bacterial species which are active in hy-
drolyzing several natural and synthetic penicillins and a few 
related amide derivatives. Hydrolysis of urea has always 
been assumed to be carried out by the enzyme, urease, but the 
possibility of other enzymes catalyzing this reaction should 
not be overlooked. Gorr and Wagner (1933) showed that the 
yeast Candida (Torula) utilis hydrolyzed urea if it had been 
grown in media containing acetamide, asparagine, or urea but 
not if the only N source was ammonium sulfate. There have 
been several reports on nicotinamidase which appears to be 
absolutely specific for nicotinamide. This enzyme was purified 
from rat and rabbit liver by Petrack et al. (1965), and is 
thought to be concerned with the biosynthesis of NAD. The 
first indications that aliphatic amidase (EC 3.5.1.4) was 
produced by the pseudomonads were the observations of den 
Dooren de Jong in 1926 (as cited by Clarke, 1970) that several 
species could utilize amides as carbon and/or nitrogen sources 
for growth. Later, Kelly and Clarke (1960, 1962) found that 
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Pseudomonas aeruginosa 8602 could grow in a minimal salt 
medium with acetamide as the sole carbon and nitrogen source 
and that it produced an inducible aliphatic amidase which was 
most active on amides containing 2- and 3-carbon atoms, 
A recent review on soil enzymes indicates that methods 
for assaying enzyme-catalyzed reactions in soils are desperate­
ly needed (Skujins, 1976, 1978). The lack of information about 
amidase in soils seems mainly related to the lack of methods for 
assay of the activity of this enzyme. Information about dis­
tribution, specificity, and kinetic properties of amidase in 
soils is desired because its substrates (amides) are potential 
N fertilizers. Among the various N compounds that can serve 
as substrates for amidase, the sparingly soluble oxamide, 
formamide, and acrylamide have been tested as N fertilizers 
(Beaton et al,, 1967; Rehling and Taylor, 1937; Gordon and 
Gilbert, 1976). The possibility of hydrolysis in soils of 
other amides seems to have been ignored. 
Before amides can be used as N fertilizers, the enzymatic 
process involved in their hydrolysis in soils requires a 
thorough evaluation. It seems feasible to synthesize organic 
N fertilizers in which both nonspecific or specific metabolic 
inhibitor groups are a part of the whole molecular configura­
tion. Such functional groups would provide the molecules 
with resistance to degradation by enzyme attack through 
properties such as isomerism, chain length, asymmetry, steric 
hindrance, and resonance. Through selective inhibition, a 
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controlled release of N -would be possible (Parr, 1967). 
Hydrolysis of amides by amidase gives rise to ammonia 
and their corresponding carboxylic acid. In this work, a 
convenient, rapid, simple, and precise method for the detec­
tion of amidase activity in soils was developed. This method 
involves the determination of NH^-N released by amidase ac­
tivity when soil is incubated with buffered (0,1 M THAM, pH 
8.5) amide solution and toluene at 37°C. The NH^-N released 
was determined by a rapid procedure involving treatment of the 
incubated soil sample with 2.5 M KCl containing an amidase 
inhibitor (uranyl acetate) and steam distillation of an ali­
quot of the resulting suspension. The procedure developed 
gives quantitative recovery of NH^-N added to soils and does 
not cause chemical hydrolysis of the substrates. Application 
of this method to a wide range of Iowa soils revealed the 
presence of amidase activity in all samples studied. 
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MATERIALS AND METHODS 
Materials 
The soils used (Table 1) were surface samples (0 to 15-
cm) selected to obtain a wide range in pH (4.6 to 7.7), organic 
carbon (1.26 to 4.70% C), and texture (17 to 34% clay and 3 
to 39% sand). Each sample was air-dried and crushed to pass 
a 2-mm screen. The analyses reported in Table 1 were per­
formed as described by Neptune et al. (1975). 
Method for Assay of Amidase Activity 
Reagents 
Toluene: Fisher certified reagent (Fisher Scientific 
Co., Chicago, 111.). 
THAM-sulfuric acid buffer (0,1 M, pH 8.5): Dissolve 
12.2 g of tris (hydroxymethyl) aminomethane (THAM, Fisher 
certified reagent) in about 800 ml of water, adjust the pH to 
8.5 by titration with about 0.2 N HgSO^, and dilute the solu­
tion with water to 1 liter. 
Amide solutions (0.5 M): Add 2.0 ml, 2.95 g, or 3.65 g 
of formamide (Aldrich certified), acetamide (Sigma certified), 
or propionamide (Aldrich certified), respectively, into a 
lOO-ml volumetric flask. Make up the volume by adding THAM 
buffer, and mix the contents. Store the solution in a 
refrigerator. 
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Table 1. Properties of soils used 
Soil 
Series Subgroup pH 
Organic 
C 
Total 
N Clay Sand 
Lester 
Clarion 
Muscatine 
Nicollet 
Webster 
Canisteo 
Harps 
Okoboji 
Mollic 
Hapludalf 
Typic 
Hapludoll 
Aquic 
Hapludoll 
Aquic 
Hapludoll 
Typic 
Haplaquoll 
Typic 
Haplaquoll 
Typic 
Calciaquoll 
Cumulic 
Haplaquoll 
6.4 1.26 0.115 17 19 
4.6 1.99 0.168 24 37 
5.6 2.63 0.227 28 
6.2 2.73 0.226 29 34 
6.5 2.91 0.247 26 39 
7.7 3.11 0.274 28 35 
7.6 3.24 0.274 30 31 
7.0 4.70 0.418 34 21 
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Potassium chloride (2.5 M)-uranyl acetate (0.005 M) 
solution: Dissolve 2,12 g of reagent-grade UO2(C2HgOg)2'2H2O 
in about 700 ml of water, dissolve 188 g of reagent-grade 
KCl in this solution, dilute the solution to 1 liter with 
water, and mix thoroughly. Prepare this solution immediate­
ly before use. 
Reagents for determination of ammonium (magnesium oxide, 
boric acid-indicator solution, 0.005 N sulfuric acid* Pre­
pare as described by Bremner (1955b). 
Procedure 
Place 5 g of soil (<2 mm) in a 50-ml volumetric flask, 
add 0.2 ml of toluene and 9 ml of THAM buffer, swirl the 
flask for a few seconds to mix the contents, add 1 ml of 
0,5 M amide solution, and swirl the flask again for a few 
seconds. Then stopper the flask and place it in an incubator 
at 37°C. 
The incubation time varies with the specific substrate 
added. Hydrolysis of formamide is relatively rapid and can 
be measured quantitatively after 2 hours of incubation. The 
rates of hydrolysis of acetamide and propionamide are somewhat 
slower than the rate of hydrolysis of formamide, and they can 
be determined quantitatively after 24 hours of incubation. 
After incubation, remove the stopper, add approximately 
35 ml of KC1-U02(C2H202)2*2H20 solution, swirl the flask for 
a few seconds, and allow the flask to stand until the contents 
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have cooled to room temperature (about 5 min). Then dilute 
the volume to 50 ml by the addition of KCI-UO2(0211202)2*21120 
solution, and stopper the flask and invert it several times 
to mix the contents. 
To determine NH^-N in the resulting soil suspension, 
invert the flask several times and pipette a 20-ml aliquot of 
the suspension into a lOO-ml distillation flask and determine 
the NH^-N released by steam distillation of this aliquot with 
0.2 g of MgO for 3,3 min as described by Bremner (1965b), 
Controls should be performed in each series of analyses 
to allow for NH^-N not derived from the amide through amidase 
activity. To perform controls, follow the procedure described 
for assay of amidase activity, but make the addition of 1 ml 
of 0,5 M amide solution after the addition of KC1-U02(C2H202)2 
reagent. The KCl-U02(C2Hg02)2 reagent should be stirred con­
tinuously before use; if this solution is allowed to stand 
without stirring, KCl will precipitate slowly out of the solu­
tion with time. The purpose of adding the KCl-uranyl acetate 
solution to the soil sample after incubation is to inactivate 
amidase and to allow quantitative determination of the NH^-N 
released (Jakoby and Fredericks, 1964; Tabatabai and Bremner, 
1972), The soil suspension analyzed for NH^-N must be mixed 
thoroughly immediately before sampling for NH^-N analysis. 
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RESULTS AND DISCUSSION 
The method developed for assay of amidase activity in 
soils is based on quantitative determination of NH^-N in 
soil suspension and on systematic studies of factors affect­
ing the release of NH^ on incubation of soil with buffered 
amide solution in the presence of toluene. The factors 
studied included pH and type of buffer, substrate concentra­
tion, amount of soil, time of incubation, effect of toluene, 
and temperature of incubation. 
Amidase exhibits a relative specificity in that it has a 
limited preference for hydrolyzing chemically related sub­
strates. The substrates used in this investigation were 
formamide, acetamide, and propionamide. The structure, 
molecular weight, and percentage of N for each of the sub­
strates studied are shown in Table 2. The percentage N varied 
from 19% in propionamide to 31% in formajnide. 
Buffer, pH, and Determination of the NH^ Released 
Studies of the effect of buffer on enzyme-catalyzed re­
actions are essential because hydrogen ion concentration in 
the reaction system affects the ionization groups of enzyme 
proteins and influences the ionization state of the substrate. 
The ionizabie groups of both enzyme and substrate must be in 
their proper states to maintain the conformation of the enzyme 
active sites to bind with the substrate and thus catalyze the 
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Table 2. Substrates used in assay of amidase activity in 
soils 
Molecular Nitrogen 
Compound Structure weight (%) 
Formamide HCONHg 45.04 31 
Acetamide CHgC0NH2 59.07 24 
Propionamide C2HgC0NH2 73.10 19 
reaction. The most usual type of pH-activity relationship 
found for enzymes is a bell-shaped curve, which is the result 
of variation of either V or K with pH or it may represent 
lit 111 
an irreversible enzyme inactivation at extremities of pH. 
Figure 1 shows the effect of buffer pH on amidase activity 
using the three substrates studied. The optimum pH observed 
for amidase activity (pH = 8,5) is somewhat higher than that 
(pJ-1 = 6.5) reported for amidase activity of Pseudomonas 
fiTJorescens isolated from a garden soil (Jakoby and Fredericks, 
1964). This deviation in pH optimum for amidase activity in 
solution from that in soils is expected because it is well-
known that the pH optima of enzymes in solutions are about 
2 pH units lower than the same enzymes in soils (McLaren and 
Estermann, 1957). Amidases isolated from some microorganisms 
demonstrate two pH optima, one in the acid range and the other 
in the alkaline range. The first one has been attributed to 
hydrolysis of amides and the latter to the transfer of the 
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acyl moiety to hydroxylamine added as a second substrate. 
0 O 
II II . , , 
CHgCNH2 + amidase = CH^C amidase + NH^ (4) 
O O 
II II 
CHgC-amidase + HgO + CH^COH + amidase (5) 
0 O 
II II 
CHgC-amidase + NH2OH = CH^C0NH2 + amidase (6) 
The transfer reaction (equation 6) can be observed for purified 
amidase only in the presence of hydroxylamine by using either 
acetamide or propionamide as a substrate, and the pH optima 
for both hydrolysis and transfer reactions vary within less 
than 1 pH in each case (Jakoby and Fredericks, 1964). Hy­
droxylamine is not present in soil systems under the condi­
tions of the assay procedure described, however, to serve as 
an electron donor in the transfer reaction (Nelson, 1979). 
The choice of buffer in the method described was based on 
the finding that the NH^-N released by amidase activity was 
considerably higher in the presence of THAM than in the 
presence of phosphate, citrate, or modified universal buffer. 
The other reason for choosing this buffer is that no ammonium 
fixation by soils is observed in the presence of THAM buffer. 
The soils studied were selected to include samples that fix 
ammonium against 2 M KCl (when 5 samples were treated with 2 
ml of ammonium sulfate containing lOOO ^g NH^-N for 5 min, 
the amount of NH^-N fixed against extraction with 2 M KCl 
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ranged from 32 |xg with Clarion soil to 193 |xg with Harps soil). 
But no fixation of NH^-N by these soils could be detected 
under the conditions of the method described (quantitative 
recovery of added NH^-N was obtained when 1 ml of ammonium 
sulfate solution containing lOOO p.g NH^-N was substituted for 
1 ml of 0,5 M substrate solution in the amidase assay of the 
soils listed in Table 1). Similar findings have been reported 
for assay of urease activity in soils and for the recovery of 
NH^-N from vermiculite by using THAM buffer (Tabatabai and 
Bremner, 1972). 
Tests with the 8 soils used in this work (Table l) showed 
that, when 5-g samples were treated with pH 8.5 THAM buffer 
as in the assay method described, the pH of the soil-buffer 
mixtures did not deviate more than ±0.1 pH unit. 
Substrate Concentration 
For valid assay of enzymatic activity, it is necessary 
to ensure that the enzyme substrate concentration is not limit­
ing the reaction rate in the assay procedure, A study of the 
effect of varying the substrate concentration in the method 
described showed that the substrate concentration used (0,05 M) 
is satisfactory for assay of amidase activity in soils. At 
this concentration, the enzyme is saturated with the substrate, 
and the reaction rate essentially follows zero-order kinetics. 
The rate of the reaction at the saturation level was dependent 
on the enzyme concentration, as is evident from the levels 
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of activity of the soils reported in Figure 2. 
Amount of Soil 
Figure 3 shows the effect of varying the amount of soil 
used in the method described on the amount of NH^-N released 
during a constant time. The linear relationship between the 
amount of soil used and the NH^-N released is further evidence 
that the procedure developed measures amidase activity and 
that neither the substrate concentration nor the products 
formed influences the reaction rate of this enzyme in soils. 
Time of Incubation and Effect of Toluene 
Enzyme-catalyzed reactions usually show linear relation­
ships between the amount of product formed and time of incu­
bation. Figure 4 shows results obtained in studies of the 
effect of varying the incubation time on the amount of NH^-N 
released. The observed linear relationship indicates that 
the method developed is not complicated by microbial growth 
or assimilation of enzymatic products by microorganisms. 
Formation of NH^ with formamide as a substrate followed zero-
order kinetics for at least 4 hours. When acetamide and 
propionamide were used as substrates, an observed linear re­
lationship existed up to 60 and 36 hours, respectively. With 
the Okoboji soil having high amidase activity, however, the 
amount of NH^-N released deviated from linearity after 4, 60, 
and 36 hours when formamxde, acetamide, and propionamide were 
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used as substrates, respectively, indicating either that the 
substrate concentration was becoming a limiting factor or that 
one of the products, NH^ or the carboxylic acid formed, was 
inhibiting amidase activity. Tests indicated, however, that 
at 5 nM neither the NH^ nor the carboxylic acids (formic, 
acetic, or propionic acid) produced had any effect on the 
amidase reaction rate. Therefore, the observed deviation from 
linearity of the amount of NH^ produced with time of incuba­
tion (Figure 4) seems due to a decrease in substrate concen­
tration. 
Skujins (1967) suggested that an assay for soil enzymes 
should not require a long incubation time because of the risk 
or error through microbial activity increases with increasing 
incubation time. In the case of soil amidase, the incubation 
time varied with the specific substrate used. Hydrolysis of 
acetamide and propionamide was considerably slower than the 
hydrolysis of formamide, and the former two substrates had to 
be incubated for 24 hours to quantitatively measure differ­
ences in amidase activity in soils. Interference by microbial 
activity did not seem to occur during the 24 hours incubation 
time as evident by the linear relationship between the amount 
of NH^-N released and the time of incubation in the presence 
of toluene 0 When toluene was omitted from the incubation mix­
ture, however, a different relationship was observed. Figure 
5 shows the results obtained with acetamide and propionamide 
in the absence of toluene. The amount of NH^-N produced with 
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reaction rate witiiout amidase induction 
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time of incubation followed an exponential curve, indicating 
either an increase in the microbial population with time of 
incubation, therefore an increase in amidase activity, or in­
duction of amidase by the substrate used. The information 
available in the literature indicates that amidase is in­
ducible by several microorganisms (for review of literature 
see Clarke,1970). Therefore, the data reported in Figure 5 
suggest induction of amidase in soils in the absence of 
toluene. Because of the increase with incubation time of 
amidase activity in the absence of toluene when acetamide and 
propionamide were used as substrates, unless otherwise indi­
cated, all assays reported were carried out in the presence 
of toluene. Toluene should be added to the soil sample before 
adding the 9 ml of buffer because tests indicated that it is 
less effective in preventing amidase induction when added 
after the THAM buffer treatment described. 
Temperature of Incubation 
Enzyme-catalyzed reactions proceed at a faster velocity 
with increasing temperature of incubation within a certain 
temperature range as long as the enzyme is stable and retains 
its full activity. At some temperature above this range, the 
activity begins to decrease because of enzyme inactivation. 
Studies of the effect of temperature on amidase activity of 
soils showed that inactivation of amidase occurs at about 
65°C (Figure 6). This inactivation temperature is similar to 
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Figure 6. Effect of temperature of incubation on release of NH.-N in assay of 
amidase activity in soils 
54 
those of arylsulfatasei rhodanese, and phosphodiesterase 
(Tabatabai and Bremner, 1970a; Tabatabai and Singh, 1976; 
Browman and Tabatabai, 1978). Previous work on the effect of 
temperature on enzyme activity has shown that the temperature 
needed to inactivate the enzyme in soils is about 10°C higher 
than the temperature needed to inactivate the enzyme in the 
absence of soil (Tabatabai and Bremner, 1970a; Browman and 
Tabatabai, 1978). Amidase is not available commercially to 
test the effect of temperature on its activity, and a search 
of the literature revealed that no report is available on the 
inactivation temperature of amidase found in other biological 
systems. The assay of amidase activity was performed at 37°C 
because this temperature has been used extensively for assay 
of enzymes in biological materials and in soils, and because 
preliminary tests with the soils listed in Table 1 showed that 
it was not necessary to use a high temperature to obtain 
precise results under the conditions of the method described. 
Precision 
The high precision of the method developed is illustrated 
by Table 3, which gives the results of replicated analyses of 
8 soils used in this study. The means of amidase activity of 
these soils, expressed as (j,g of NH^-N released/g soil/2 hours, 
ranged from 114 to 335 for using formamide as a substrate. 
By using acetamide and propionamide as substrate, the activi­
ty values ranged from 11 to 41 and from 33 to 8l (j,g NH^-N 
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Table 3. Precision of method 
No. of Amidase activity' 
Substrate Soil analyses Range Mean SD CV^ 
Formamide 
Acetamide 
Propionamide 
Lester 7 177-184 180.9 2.1 1.2 
Clarion 7 110-118 114.0 3.2 2.8 
Nicollet 7 205-213 209.6 3.4 1.6 
Webster 7 304-311 307.4 3.1 1.0 
Canisteo 8 160-167 163.0 2.0 1.2 
Okoboji 8 330-340 334.8 4.0 1.2 
Lester 8 13-14 13.6 0.7 5.2 
Clarion 7 10-12 11.0 0.7 6.4 
Nicollet 7 14-16 15.1 1.0 6.6 
Webster 9 25-27 26.0 1.0 3.9 
Canisteo 7 24-27 25.5 1.1 4.3 
Okoboji 8 39-42 40.8 0.8 2.0 
Lester 8 39-41 40.0 0.8 2.0 
Clarion 7 30-35 33.0 1.2 3.6 
Nicollet 9 40-43 41.7 1.3 3.1 
Webster 9 65-68 66.6 1.3 2.0 
Canisteo 8 55-5 8 56.3 1.1 2.0 
Okoboji 9 79-82 80.7 1.3 1.6 
fig NH^-N released/g soil/2 or 24 hours by using the 
substrates, formamide or acetamide and propionamide, respec­
tively; SD, standard deviation. 
^CV, coefficient of variation. 
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released/g soil/24 hours, respectively. The standard devia­
tion of the activity determined ranged from 0.7 to 4.0, The 
coefficient of variation of the method developed for amidase 
activity is comparable to other methods used for assay of 
soils enzymes (Burns, 1978). 
Effects of Various Treatments on Amidase 
Activity in Soils 
Table 4 shows the effects of various treatments on the 
results obtained in assay of soil amidase activity by the 
method developed. Steam sterilization inactivated amidase 
and addition of formaldehyde and toluene decreased the activity. 
The lower amidase activity observed in the presence of toluene 
is due to induction of this enzyme in the absence of this 
antiseptic agent; amidase is induced in the presence of the 
substrates studied without toluene. When the amount of 
toluene was increased from 0.2 to 2.0 ml it did not signifi­
cantly affect the hydrolysis of the substrates used: The 
percentage inhibition of amidase activity by formaldehyde 
ranged from 85 to 91%, from 88 to 92%, and from 93 to 96% by 
using formamide, acetamide, and propionamide, respectively. 
Among the chemical salts studied, only NaF and NaAsOg 
had an inhibitory effect on amidase activity. The inhibition 
by F suggests that amidase requires Mg^"*" and/or Ca^"*". Brown 
et al. (1973) found that neither hydroxyl nor thiol groups are 
directly involved in the catalytic active sites of amidase 
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Table 4. Effects of various trestments on amidase activity 
in soils 
Amidase activity after 
treatment^ 
Soil 
Substrate Treatment Clarion Nicollet Okoboji 
Formamide 
Acetamide 
Propionamide 
None 251 465 701 
Toluene, 0.2 ml 114 210 335 
Steam steriliza­ 0 0 0 
tion, 121°C, 1 hr 
Formaldehyde, 1 ml 23 57 107 
NaF, 5 toM" 89(22) 96(36) 216(82) 
NaAsOg, 5 18(12) 28(11) 48(18) 
None 83 91 lOl 
Toluene, 0.2 ml 11 16 41 
Steam steriliza­ 0 0 0 
tion, 121°C, 1 hr 
Formaldehyde, 1 ml 7 9 12 
NaF, 5 11(9) 16(14) 39(28) 
NaAsOg, 5 mM 7(3) 12(5) 17(8) 
None 120 281 368 
Toluene, 0,2 ml 33 43 81 
Steam steriliza­ 0 0 0 
tion, 121OC, 1 hr 
Formaldehyde, 1 ml 8 10 16 
NaF, 5 mM^» 24(15) 34(25) 71(52) 
NaAs02, 5 nM 9(4) 17(8) 26(13) 
tig NH4-N released/g soil/2 or 24 hours by using the 
substrates, formamide or acetamide and propionamide, respec­
tively. 
^Reagent was added to 8.5 THAM buffer used in method 
for assay of amidase activity in the presence of toluene. 
Activities obtained with 50 mM of reagents are given in paren­
theses. At 5 mM, KNO3, NaN02» K2SO4, KCl, NagEDTA, 
( ) g S O ^ ,  K C N ,  N a 2 S ,  N a N g ,  f o r m i c  a c i d ,  a c e t i c  a c i d ,  a n d  
propionic acid had no effect. 
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even though thiol groups seem necessary for stabilization of 
the active enzyme. The effects of several salts selected to 
provide a variety of cations and anions showed that soil ami-
dase activity values were not affected when the THAM buffer 
used was made to contain 5 mM with respect to the following 
ions: k"^ , Na"^, NH^, NO3, NO^, N3, Cl~, CN~, S^~, and SO^". 
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PART II. KINETIC PARAMETERS OF AMIDASE ACTIVITY IN SOILS 
60 
INTRODUCTION 
In Part I, it was shown that amidase activity was de­
tected in soils and certain factors influencing the observed 
activity were studied. This investigation involves the 
kinetic parameters of the reaction catalyzed by soil amidase. 
Kinetic analyses play an essential role in characterizing 
enzymes. The study of enzyme kinetics involves factors which 
affect the rates of enzyme-catalyzed reactions. For example, 
by varying the substrate concentration and temperature, 
enzymes can be characterized by their affinity toward a sub­
strate, the energy required for the reactant to reach an 
activated condition, and the temperature dependence of the rate 
constant. 
A number of studies have shown that microorganisms can 
utilize amides as N sources and that amidase is inducible by 
several of its substrates (for review of literature, see 
Drapers 1967s Clarke. 1970). The hydrolysis of amide by 
amidase seems to follow a sequential mechanism involving the 
elimination of NHg by water (Findlater and Osri, 1973). 
Although several sources (e.g., microorganisms and plant 
residues) can contribute to amidase activity in soils, this 
enzyme is most likely present in soil as extracellular immo­
bilized, stabilized by a three-dimensional network of clay and 
humus complexes, and occluded microbial cells such as that 
proposed by McLaren (1975) for other enzymes. Since the 
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organic and mineral fractions in soils would influence any 
enzyme reactions, and since it is very likely that some of 
the amidase substrates would react with the soil colloidal 
surfaces, it is important that factors modifying the reaction 
catalyzed by this enzyme by thoroughly investigated. 
À search of the literature revealed that no information 
is available on the kinetic properties of the reaction cata­
lyzed by amidase in soils. Such information is desirable be­
cause kinetic parameters are used to characterize enzyme re­
actions and to predict the reaction rate and substrate con­
centration needed under certain conditions. For example, the 
value is one of the fundamental constants in enzyme chemis­
try, and knowledge of the magnitude of this constant would 
allow calculation of the minimum substrate concentration re­
quired to achieve the maximum reaction velocity. Information 
on activation energy and Q^q values are used for predicting 
the efficiency of enzyme-catalyzed reactions and to calculate 
the reaction rates at some desired temperatures. Because of 
lack of information, and because of the importance of amidase 
in hydrolysis of amides, this work was carried out to determine 
the kinetic parameters of the reaction catalyzed by amidase 
in soils. 
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MATERIALS AND METHODS 
The soils used in this part of the study were those de­
scribed in Table 1 (Part I), which were selected to obtain 
a wide range in pH, organic C, and texture. Amidase activity 
was determined by the method described in Part I. This method 
involves determination by steam distillation of the NH^-N 
released when soil is incubated with buffered (0.1 M THAM, 
pH 8,5) amide solution and toluene at 37°C. The substrates 
used were formamide, acetamide, and propionamide. 
For determination of the and values, the amidase JTl fiiSX 
activity was assayed at substrate concentrations ranging from 
1 to 80 nM. The incubation times were 2 or 24 hours when 
formamide or acetamide and propionamide were used as sub­
strates, respectively. The K and ^ values were calculated 
m max 
by plotting the amidase activity values according to the 
three linear transformations of the Michaelis-Menten equation 
(Hofstee, 1952). The effect of pH on and affinity constants 
of amidase for the three substrates studied were determined 
at pH values and substrate concentrations ranging from 7,0 
to 9,5 and from 5 to 50 mM, respectively. The activation 
energy and Q^q values were calculated from the amidase ac­
tivity obtained at 50 mM, but the temperature of incubation 
was varied from 10 to 60°C. The activation energy values 
were calculated by using the Arrhenius equation plot described 
by Dick and Tabatabai (1978), All results reported are 
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averages of duplicate determinations expressed on a moisture-
free basis, moisture being determined from loss in -weight 
following drying at 105°C for 18 hours. 
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RESULTS AND DISCUSSION 
The various kinetic parameters of the reaction catalyzed 
by amidase in soils were studied. For convenience, the re­
sults obtained will be discussed under subheadings corre­
sponding to the parameters investigated. 
^m ^max Values 
Figure 7 shows plots of the three possible linear trans­
formations of the Michaelis-Menten equation applied to the 
amidase activity values of Clarion soil obtained as a function 
of concentration of the three substrates used. The lines 
shown in Figure 7 are those calculated by regression analysis. 
The Michaelis constant, 
kg + kg 
' V = — ' 
was expressed in the linear form representing the three 
transf ormations : 
l/v = l/S + (Lineweaver-Burk) 
V = -K^'v/S + (Eadie-Hofstee) 
S/v= 1/V^^.S + (Hanes-Woolf) 
where v is the initial velocity of the reaction, is the 
Michaelis constant, is the maximum initial velocity, S 
is the substrate concentration, and k^, k^, and kg are. the rate 
constants. Both and are constants for the enzyme, but 
Figure 7, The three possible linear plots of the Michaelis-
Menten equation for amidase activity in Clarion 
soil; velocity (V) is expressed as |ig NH4-N re-
leas ed/g soil/2 or 24 hours by using the sub­
strates formamide or acetamide and propionamide, 
respectively; substrate concentration (S) is 
in M 
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tîiey may vary independently of each other under different 
conditions. The value is independent of enzyme concentra­
tion and is very valuable in studies of enzyme kinetics. The 
form of the Michaelis-Menten equation is such that approxi­
mately 10 and 90% of V are achieved at substrate concen­
trations corresponding to x 10 ^  and x 10, respectively. 
The K and V values determined at optimum pH for the ami-jn uiox. 
dase reaction in eight soils are reported in Table 5. Gen­
erally, the three methods of calculations showed similar 
results, but the magnitude of the K and V values were lu filSX 
consistently higher in the following order: Hanes-Woolf > 
Eadie-Hofstee > Lineweaver-Burk method. Each transformation 
gives different weight to errors in the variables (Dowd and 
Riggs, 1965), and this is reflected in the variation of the 
estimated and values obtained for any one soil by 
using the different plots. A similar observation has been 
reported for kinetic analysis of the reaction catalyzed by 
phosphodiesterase in soils (Browman and Tabatabai, 1978), By 
using the Lineweaver-Burk plot, the values of amidase 
in the eight soils studied ranged from 6,7 to 17,9 (avg, = 
12.3) mM 4.0 to 5.1 (avg. = 4.6) mM, and 10.1 to 20,2 (avg. = 
14,5) mM when formamide, acetamide, and propionamide were used 
as substrates, respectively. Expressed as |a,g NH^-N released 
per g soil per 2 hours for formamide and per 24 hours for 
acetamide and propionamide, the values ranged from 138 to 
438, from 13 to 43, and from 35 to 105. 
Table 5. and V|fiax values of amidase in soils calculated from the three linear 
transformations of the Michaelis-Menten equation 
Michaelis-Menten transformations 
Lineweaver- Eadie-Hofstee Hanes-Woolf 
Burk plot plot plot 
(1/V vs 1/S) (V vs V/S) (S/V vs S) 
Substrate Soil Km, mM Km, mM Km, mM 
uloX " in 9% niaX 
Formamide 
Acatemide 
Lester 12.4 223 12.9 227 12.9 227 
Clarion 6.7 138 7.2 143 7.5 148 
Muscatine 17.2 382 16.7 396 19.5 405 
Nicollet 12.3 276 12.6 279 14.6 294 
Webster 15.8 352 17.7 377 20.9 406 
Canisteo 7.8 181 7.8 181 7.9 182 
Harps 8.0 208 8.2 210 8.3 212 
Okoboji 17.9 438 18.4 447 18.8 451 
Average 12.3 12.9 13.8 
Lester 4.5 17 4.7 17 4.9 17 
Clarion 4.6 13 4.7 13 4.8 14 
Muscatine 5.0 25 5.3 25 5.5 27 
Nicollet 4.2 19 4.3 20 4.5 21 
Webster 4.9 31 5.2 32 6.1 35 
Canisteo 4.0 29 4.0 29 4.9 30 
Harps _ 4.2 25 4.3 26 4.5 27 
Okoboji 5.1 43 5.3 43 5 .6 46 
Average 4.6 4.7 5.1 
Propionamide Lester 13.6 50 14.3 50 15.7 53 
Clarion 10.1 35 10.4 36 10.8 39 
Muscatine 18.6 60 19.5 62 21.7 68 
Nicollet 13.1 55 14.0 56 16.2 62 
Webster 17.8 80 19.3 82 21.6 94 
Canisteo 10.8 62 11.4 64 13.4 68 
Harps 11.6 69 12.2 73 12.7 77 
Okoboji 20.2 105 20.6 107 21.5 108 
Average 14.5 15,2 16.7 
Vs NH4-N released/g soil/2 or 24 hours by using the substrates formamide or 
acetamide and propionamide, respectively. 
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The average values (4.6 mM) obtained for amidase in 
soils when acetamide was used as a substrate is essentially 
the same as that reported for this enzyme (5,0 mM) in the 
Pseudomonas fluoréscens group (Jakoby and Fredericks, 1964). 
The Michaelis constants of soil amidase for the three sub­
strates studies are also similar in magnitude to those re­
ported for other soil enzymes (Skujins, 1976; Speir and Ross, 
1978; Dick and Tabatabai, 1978), 
The active site of enzymes may contain several ionizable 
groups. Some of these groups may be involved in substrate 
binding and some in catalysis. Both catalytic and substrate-
binding groups are pH dependent as evident from the pH optimum 
of enzymes. The optimum pH for amidase in soils is 8,5 for 
the three substrates used (see Part I). Unless otherwise in­
dicated, the kinetic constants, K^, reported here were obtained 
at this optimum pH value. Because of the influence of pH on 
this parameter, the K value of amidase in two soils was de-
m 
termined by using the three substrates under different pH 
values. Table 6 shows the affinity constants (1/K^) of ami­
dase in Clarion and Harps soils at different pH values as de­
termined from the Michaelis constants obtained by using the 
Lineweaver-Burk plot. The affinity of amidase for its sub­
strate increased as the pH increased from 7.0 to 8.5, remained 
constant between pH 8.5 to 9,0, and decreased thereafter. 
The relationship between pK^ and pH is important in that 
it leads to prediction of the ionizable groups of enzyme 
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Table 5. Effect of pH on affinity constant of amidase re­
action in soils 
Affinity of amidase for 
substrate indicated^ 
Soil pH Formamide Acetamide P ropionamide 
Clarion 7.0 86 98 46 
7.5 102 150 58 
8.0 130 179 71 
8.5 151 225 105 
9.0 149 221 103 
9.5 116 159 64 
Harps 7.0 78 93 41 
7.5 96 127 52 
8.0 104 166 67 
8.5 124 200 87 
9.0 121 196 86 
9.5 96 133 66 
^Expressed in M 
proteinso Figure 8 shows that, basically, three regions can 
be identified in which the pH of the medium affects the active 
site of amidase. The points between pH 7.0 and 8.5 lie on a 
gradual directional increase showing a positive slope and form 
a plateau at a pH between 8.5 and 9.0. A directional decrease 
showing a negative slope is observed from pH 9.0 to 9.5. 
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1 . 6 -
FORMAMIDE 
O  CLARION SOIL 
e  HARPS SOIL 
ACETAMIDE 
PROPIONAMIDE 
2 . 4  
2 . 2  
2.0 J 
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1 . 6  
vj to 
pH OF BUFFER 
Figure 8. Effect of pH on the affinity of amidase in Clarion and Harps soils 
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Interpretations of the directional slopes are reported by 
Dixon and Webb (1964). Every change in the directional in­
crease will correspond to the ionization of a prototropic 
group in the active site. Each bend indicates the pK of an 
ionizing group in one of the components (enzyme, substrate, 
or enzyme-substrate complex), and the straight-line portions, 
when produced, intersect at a pH corresponding to the pK. 
The intersection of the straight lines as shown in Figure 8 
are those corresponding to the ionization of the enzyme groups 
(Dixon and Webb, 1964). It can be seen that amidase has two 
pK's at pH about 8.5 and 9.0. Determination of the pK*s of 
ionizing groups situated in the active centers of enzymes 
might give some valuable information about their chemical 
nature. But one must be cautious about interpretation of the 
results, because two limitations are associated with this in­
formation. One is that even though a prototropic group in 
the enzyme has a pK of the same value as that of a known 
chemical group, this does not prove its identity with that 
group, because other groups may have the same pK value. 
The other limitation is inherent in the fact that a given 
group may not have the same pK when it is present in a pro­
tein molecule as it has when it is present in a free amino 
acid or small molecule, owing to the influence of other charged 
groups nearby in the protein. Nevertheless, the information 
obtained about ionizable groups in enzymes is useful for pre­
dicting the type of groups possibly involved in the active 
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sites. Segel (1975) stunmarized the possible prototropic 
groups involved at the active sites of enzymes, and from the 
pK's obtained for soil amidase and the information available 
about optimum pH of enzymes in the presence and absence of 
soils (optimum pH of enzyme activity in the absence of soil 
is generally somewhat lower than that in the presence of 
soil), the ionizable groups seem to include sulfhydryl of 
cysteine (pK = 8,0 to 8,5) and/or a-amino groups (pK = 7,5 
to 8,5). Studies of selective inhibition and the kinetic 
mechanisms of the aliphatic amidase of Pseudomonas aeruginosa 
suggest that thiol groups are not directly involved in the 
catalytic sites, even though thiol groups seem necessary for 
the stabilization of the active amidase conformation (Woods 
and Osri, 1974), The a-amino groups at the ends of polypep­
tide chains, however, seem to be one of the groups involved 
in the catalytic center of amidase. 
The relationship between pK^ and pH shown in Figure 8 
also explains the biochemical basis of the observed varia­
tions with pH of values of other enzymes. The information 
available indicates that the values of urease and acid 
phosphatase are affected by pH of the incubation medium 
(Tabatabai, 1973; Irving and Cosgrove, 1976). 
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Energy of Activation 
The rate of enzyme reactions increases with increasing 
temperature and decreases upon reaching a temperature of 
thermal inactivation. Studies on the effect of temperature 
on amidase activity in soils (Part l) show that inactivation 
of amidase occurs above 60°C. The temperature dependence of 
the rate constant at a temperature below inactivation can be 
described by the Arrhenius equation; 
k = A*exp(-E^/RT) 
where A is the pre-exponential factor, is the energy of 
activation, R is the gas constant, and T is the temperature 
in °K. The Arrhenius equation can also be expressed in the 
log form: 
log k = (-Eg/2.303 RT) + log A ; 
log A and can be determined from the intercept and slope, 
respectively, of a linear plot of the dependence of log k on 
1/T. The Arrhenius plots for amidase activity values of the 
eight soils studied were linear between 10 and 60°C. A plot 
of the results for three soils (Webster, Nicollet, and Clarion) 
is shown in Figure 9. The slopes of the lines of the soils 
used and, therefore, the energies of activation of amidase 
in these soils were very similar for each substrate. The 
effect of substrates on activation energy values of amidase 
activity in soils is shown in Table 7. The energy of activa­
tion of the reaction catalyzed by amidase in the eight soils 
Figure 9. Arrhenius equation plot of amidase activity-
values of Webster, Nicollet, and Clarion soils 
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Table 7. Effect of substrate on activation energy values of 
amidase activity in soils 
Soils 
Activation 
obtained bv 
energy (KJ/mole) of amidase 
usina the substrate specified 
Formamide Acetamide Propionamide 
Lester 47.1 48.7 22.6 
Clarion 47.4 43.2 29.1 
Muscatine 44.6 52.7 29.8 
Nicollet 48.0 55.5 27.1 
Webster 45.4 50.9 26.9 
Canisteo 49.8 45.7 24.3 
Harps 49.8 49.8 24.5 
Okoboji 43.3 53.6 27.5 
Average 46.9 50.0 26.5 
studied, expressed in KJ«mole ranged from 43.3 to 49.8 
(avgs = 45.9), 43.2 tc 55,5 (avg. = 50.0), and 22.5 to 29.8 
(avg, = 26,5) when formamide, acetamide, and propionamide 
were used as substrates, respectively. A search of the 
literature did not reveal any activation energy values for 
amidase in other biological materials. 
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Temperature Coefficient 
The effect of temperature on enzyme-catalyzed reactions 
can be expressed in terms of a temperature coefficient (Q^^q), 
•which is the factor by which the rate constant is increased 
by raising the temperature 10°C. The rate of chemical trans­
formations increases with temperature, approximately doubling 
for every increase of 10°C. Enzyme-catalyzed reactions, how­
ever, are less sensitive to temperature changes than their 
uncatalyzed counterparts; whereas, the uncatalyzed reaction 
rate may double with every 10°C elevation of temperature, the 
enzyme-catalyzed reaction rate usually will increase by a 
factor of less than 2 (Zeffren and Hall, 1973). Table 8 shows 
the effect of substrate on the temperature coefficients of 
amidase reactions in soils. The average for amidase ac­
tivity in the eight soils studied for temperatures ranging be­
tween 20 and 60°C was 1.70, 1.73, and 1.42 when formamide, 
acetamide, and propionamide were used as substrates, respec­
tively. The temperature coefficients of soil amidase for the 
three substrates were similar in magnitude to those reported 
for soil rhodanese and phosphodiesterase (Tabatabai and Singh, 
1978; Browman and Tabatabai, 1978), The relatively uniform 
and low Q^q values for soil amidase, especially when propion­
amide is used as a substrate, are indicative of the low kinetic 
energy required for the reaction catalyzed by this enzyme in 
soils. 
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Table 8. Temperature coefficients of the amidase reaction 
in soils 
QlO at temperature (°C) indicated^ 
Substrate Soil 20 30 40 50 60 Avg. 
Lester 1.54 1.71 1.90 1.75 1.55 1.69 
Clarion 1.38 1.60 1.87 1.66 1.58 1.62 
Muscatine 1.63 1.76 1. 84 1.64 1.44 1.66 
Nicollet 1.68 1.71 1.77 1.70 1.56 1.68 
Webster 1.64 1.89 1.85 1.62 1.38 1.68 
Canisteo 1.75 1.88 1.94 1.68 1.47 1.74 
Harps 1.83 1.91 1.94 1.84 1.45 1.79 
Okoboji 1.66 1.93 1.90 1.55 1.37 1.68 
Average 1.64 
o
 
GO H
 
CO 00 H
 1.68 1.48 1.70 
Lester 1.57 1.80 1.80 1.74 1.60 1.70 
Clarion 1.60 1.87 1.89 1.82 1.45 1.73 
Muscatine 1.66 1. 83 1.86 1.82 1.53 1.74 
Nicollet 1.73 1.78 1.92 1.77 1.41 1.72 
Webster 1.83 1.90 1.94 1.84 1.41 1.78 
Canisteo 1.75 1.88 1.86 1.71 1.38 1.72 
Harps 1.65 1.75 1.77 1.78 1.35 1.66 
Okoboji 1.76 1.83 1.88 1.81 1.67 1.79 
Average 1.69 1.83 1.87 1.79 1.48 1.73 
Lester 1.75 1.47 1.35 1.16 1.05 1.36 
Clarion 1.66 1.53 1.43 1.42 1.21 1.45 
Muscatine 1.77 1.62 1.46 1.39 1.20 1.49 
Nicollet 1.75 1.52 1.40 1.29 1.19 1.43 
Webster 1.72 1.48 1.37 1.32 1.18 1.41 
Canisteo 1.72 1.48 1.35 1.26 1.18 1.40 
Harps 1.78 1.48 1.48 1.11 1.06 1.38 
Okoboji 1.88 1.56 1.37 1.22 1.10 1.43 
Average 1.75 1.52 1.40 
CM H
 1.15 1.42 
Formamide 
Acetamide 
a^ _ amidase activity at °T 
amidase activity at °T-10°C 
QlO 
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PART III. STABILITY AND DISTRIBUTION OF AMIDASE 
ACTIVITY IN SOILS 
81 
INTRODUCTION 
Although numerous studies have been reported on the 
stability and distribution of enzymes in soils, little in­
formation is available on amidase activity in soils (for 
review of literature see Burns, 1978). The stability of 
phosphatase was reported by Skujins and McLaren (196 8) when 
its activity was detected in 9,000-year-old peats that were 
subjected to permafrost conditions. Speir and Ross (1975) 
reported the effects of different storage and drying condi­
tions on the stability of protease, urease, phosphatase, and 
sulfatase in soils. They found that storage of field-moist 
soils at 4°C was the most suitable condition for retaining 
protease, urease, and phosphatase activities. Air-drying of 
the soils decreased the activities of protease and phosphatase 
but increased sulfatase activity, Zantua and Bremner (1977) 
found that urease was stable when the soil was dried up to 
60°C for 24 hours but partial loss of activity occurred at 
75°C. Furthermore, when the soils were dried at 105°C for 
24 hours or autoclaved (120°C) for 2 hours, complete loss of 
urease activity was observed. 
The addition of jackbean urease to soils has been shown 
to initially increase urease activity in soils but it be­
comes rapidly inactivated with time (Stojanovic, 1959). This 
new source of urease is rapidly decomposed by microbial pro­
teinases, "Free enzymes" which are produced extracellularly 
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by living cells or disrupted cells have high turnover rates 
in soils (Ladd, 1978) and are either vulnerable to the hy­
drolysis by proteinases or complexed with soil colloids. 
Simonart and Mayaudon (1961) suggested that enzyme stabiliza­
tion in soils is due to the adsorption of proteins on clays 
or chemical bonding of proteins to humic acids or lignins. 
These conditions make it difficult to extract and purify en­
zymes from the soil. However, in some cases, soil enzymes 
have been partially purified and shown to be complexed with 
humic materials (Burns et al., 1972a,bj Nannipieri et al., 
1975; Cacco and Maggioni, 1976). 
Enzyme activity in soil-profile samples usually decreases 
with sample depth and is accompanied by a decrease in organic-
matter content (Kuprevich and Shcherbakova,1971). Activities 
of acid and alkaline phosphatase, nuclease, phytase, and 
glycerophosphatase in four chernozem profiles have been shown 
to decrease with depth and the distribution of these activi­
ties corresponded with the distribution of microorganisms in 
the soil profiles (Khaziev and Burangulova, 1965). Tabatabai 
(1977) found that urease activity in soil profiles decreased 
markedly with depth and was significantly correlated with the 
organic C content. Similar relationships have been found with 
sulfatase activities (Tabatabai and Bremner, 1970b). 
Several soil properties affect the level of activities 
displayed by soil enzymes. Some of these properties include 
pH, moisture, vegetation, organic-matter content, texture. 
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and microbial populations. Myers and McGarity (1968) re­
ported that soils under dense vegetation tended to have high 
urease activity and that saline and gleyed soils tended to 
have low activities. Other soil properties that have sig­
nificant relationships with urease activity in soils include 
total N, CEC, surface area, clay, and sand (Zantua et al., 
1977). 
Review of literature reveals that no information is 
available on the stability, distribution, and the effect of 
soil properties on amidase activities in soils. Therefore, 
this study was conducted to evaluate these parameters. 
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MATERIALS AND METHODS 
A total of 21 Iowa surface soil samples, selected to ob­
tain a wide range in pH (4.6 to 8.3), organic C (0.64 to 
5,32%), total N (0.041 to 0.426%), and texture (4 to 45% clay 
and 1 to 93% sand) were used. The samples were sieved (2-mm 
screen) in the field-moist condition, and subsamples of five 
of the sieved soils were subjected to various pretreatments 
(Table 9). Except for the results in Table 9 and Figure 10, 
amidase activity was assayed in air-dried soils. The soils 
were air-dried by spreading subsamples of sieved field-moist 
soils on a thin (<2-cm) layer on clean paper and left to dry 
at room temperature (22°C) for 2 days. Subsamples of the 
sieved field-moist soils were stored in tightly sealed glass 
containers for studies of the effects of storing soil samples 
before assay of amidase activity. 
The profile samples were selected to give a range in 
organic C and amidase activity. Of the soil profiles 
studied, the Clarion, Nicollet, and Marshall soils were from 
cornfields, whereas Harps and Marna were from soybean fields 
that had been cultivated before samples were taken. Before 
use, each sample was air-dried and crushed to pass a 2-mm 
screen. A subsample of each soil was ground (<149 p,m) for 
determination of organic C. 
The following methods were used for soil analysis; 
organic C, total N, and percentage clay and sand as performed 
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by Neptune et al. (1975). Urease activity was assayed by the 
method of Tabatabai and Bremner (1972). In studies of the 
effect of temperature on amidase activity, field-moist and 
air-dried soil samples were heated for 2 hours at temperatures 
ranging from 10 to 100°C. The samples then were brought to 
room temperature (22°C) before assay of amidase activity. The 
activity of amidase in soils was determined by the method de­
scribed in Part I. Formamide, acetamide, and propionamide 
were used as substrates. 
Bacterial numbers were determined at the same temperature 
and incubation intervals as was the assay of soil amidase. 
Bacterial counts were made by placing 5 g of soil in a 4-oz 
French square bottle (about 125 ml) with the presence or ab­
sence of 0.2 ml toluene, depending on the treatment, plus 9 ml 
THAM buffer (pH 8.5) to simulate the amidase activity assay 
procedure. One ml of 0.5 acetamide or propionamide was 
added, and the bottle was swirled for a few seconds and 
tightly capped. The bottle was then incubated at 37"C. After 
incubation, a water blank containing 90 ml of physiological 
saline (0,85% NaCl) and glass beads (3 dozen spherical glass 
beads of 2-mm diameter) were added. The bottle was shaken 
vigorously by hand, and successive transfers of the suspen­
sion provided a basis for estimating bacterial numbers (Clark, 
1965). 
The medium for growth of bacteria contained 1.5 g amide 
(acetamide or propionamide), 1,0 g KgHPO^, 0,2 g MgSO^'THgO, 
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0.1 g CaClg, 0.1 g NaCl, trace of FeCl^j and 15 g of agar in 
1 liter of tap water adjusted to pH 8.5. The amide served 
as both the carbon and nitrogen source. Acetamide or pro-
pionamide was mixed with 100 ml of deionized water and 
sterilized by a micropore filter (0.2 (im). The flask con­
taining the salts and agar was autoclaved (121°C for 20 min) 
and cooled in a waterbath at 55°C. After cooling, the 
sterile amide solution was added to the flask and thoroughly 
mixed. Bacteria were quantified by the spread plate tech­
nique by using the medium previously described. Plates were 
counted after 10 days of incubation at 25°C. Four replicates 
of bacterial counts were made at each time interval. 
Unless otherwise specified, all values reported are 
averages of duplicate determinations expressed on a moisture-
free soil, moisture being determined from loss in weight 
after drying at 105°C for 24 hours. 
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RESIÎLTS AND DISCUSSION 
Recent reviews about enzymes in soils indicated that 
studies on origin, distribution, and persistence of soil en­
zymes are needed (Skujins, 1967, 1976). The available informa­
tion indicates that the activities of enzymes such as protease, 
urease, phosphatase, and sulphatase are influenced by the 
methods of handling, storing, and pretreating the sample be­
fore enzyme assay (Speir and Ross, 1975), but no information 
is available about these and other factors affecting amidase 
activity in soils. The results obtained in this study will be 
discussed according to the factors studied. 
Effect of Pretreatments on Stability of Soil Amidase 
Storage of field-moist soils at 5°C for 3 months de­
creased the activity of amidase by values ranging from 2 to 1% 
(avg. = 4%). The greatest decrease in activity was observed 
upon air-drying; this decreased from 14% for Harps soil to 
33% for Lester soil (avg. = 21%) (Table 9). The magnitudes of 
the change in amidase activity by the treatments studied were 
similar for the three substrates used (Table 9). When all 
five soils were considered, freezing at -20°C for 3 months 
increased amidase activity from 3% in Webster soil with aceta-
mide as the substrate to 16% in Lester soil with formamide 
(avg. = 9%). The increase of amidase activity upon freezing 
soil samples could be due to lysing of amidase-containing 
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Table 9. Effects of soil pretreatments on amidase activity 
Soil 
Pretreat-
ment^ 
Amidase activity obtained by using 
substrate specified 
the 
Formamide Prooionamide Acetamide 
AA^ RA^ AA RA AA RA 
Clarion FM 128 100 42 100 15 100 
FMf 134 106 45 107 16 107 
FMr 124 93 40 95 14 93 
AD 113 84 34 81 11 73 
Lester FM 210 100 46 100 20 100 
FMf 243 116 48 104 22 110 
FMr 206 98 45 98 19 95 
AD 150 71 31 67 14 70 
Harps FM 301 100 78 100 28 100 
FMf 338 112 83 106 31 111 
FMr 292 97 76 97 27 96 
AD 225 75 67 86 24 86 
Webster FM 387 100 87 100 30 100 
FMf 421 109 98 113 31 103 
FMr 375 97 86 98 28 93 
AD 307 79 67 77 24 80 
Okoboji FM 403 100 90 100 52 100 
FMf 452 112 94 104 58 112 
FMr 394 98 87 97 50 96 
AD 338 84 77 86 41 79 
FM, field-moist soil; FMf, field-moist soil stored in a 
freezer (-20^0) for three months; FMr, field-moist soil stored 
in a refrigerator (5°C) for three months; AD, air-dried soil. 
^AA, amidase activity (|xg NH4-N released«g"^ soil*2 h~^ 
or 24 h"^ by using the substrates, formamide or propionamide 
and acetamide, respectively). 
relative activity (percentage of that in field-
moist sample). 
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microorganisms or have resulted from the process of freezing 
and thawing, which caused a mechanical disturbance of the 
aggregates, exposing the cryptic enzyme not previously acces­
sible to the substrate. A similar observation on the effect 
of freezing on urease in soils has been reported (Tagliabue, 
1958). 
The results obtained in this study support the available 
information on the effect of drying and storing field-moist 
soil samples on enzyme activities. The effects of the various 
soil treatments depend on the enzyme studied, and no general 
rule can be established for drying or storing soil samples 
for assay of enzyme activities (Skujins, 1967). For example, 
phytase (Jackman and Black, 1952), phosphatase (Geller and 
Dobrotvorskaya, 1961), invertase (Ross, 1965), and catalase 
(Latypova and Kurbatov, 1961) activities decrease, whereas 
arylsulfatase activity has been reported to increase 
(Tabatabai and Bremner, 1970b) upon drying. Speir and Ross 
(1975) observed that, when field-moist samples were stored at 
-20°C for 24 days, phosphatase activity decreased 20 to 30%. 
Previous studies showed that, when amidase was assayed at 
different temperatures, it was inactivated at temperatures 
above 60°C (see Part I). The effect of temperature on the 
stability of this enzyme in field-moist and air-dried soils, 
however, has not been studied. In this work, we exposed soil 
samples to different temperatures for 2 hours, then brought the 
samples to room temperature (22°C) and assayed the amidase 
90 
activity at 37°C (as described in Part I). Figure 10 shows 
that amidase was stable up to 50°C in both field-moist and 
air-dried soils with formamide, propionamide, and acetamide as 
substrates. Amidase activity of the two soils studied with 
the three substrates in decreasing order were formamide > 
propionamide > acetamide. Although the air-dried soils con­
tained less amidase activity, at temperatures above 50°C, the 
rate of inactivation of this enzyme was much faster in field-
moist than in air-dried soils. Although amidase activity was 
almost completely destroyed in the field-moist soils at 100°C 
the air-dried soils contained some residual activity at this 
temperature. In studies of the activation energies of soil 
enzymes, it is assumed that the incubation temperature (10-
50°C) has no effect on the stability (concentration) of the 
enzyme. The data in Figure 10 support the validity of this 
assumption. 
Distribution of Amidase Activity in Soils 
and Soil Profiles 
Enzyme activity in soil profile samples usually decreases 
with sample depth and is accompanied by a decrease in organic-
matter content (Kuprevich and Shcherbakova, 1971). Amidase 
activity decreased markedly with depth in each of the five 
soil profiles examined (Table 10) and is associated with a de­
crease in organic matter content. Statistical analysis showed 
that amidase activity is significantly correlated with organic 
Figure 10, Effect of preheating temperature on amidase activity in field-moist and 
air-dired soilsj solid line ) Harps soil, dashed line (—) Lester soil; 
#,formamide; Ajpropionamide; Q,acetamide; amidase activity is ex­
pressed in [ig NH^-N released/g soil/2 hours or 24 hours for formamide 
or propionamide and acetamide, respectively 
FIELD-MOIST SOILS AIR-DRIED SOILS 
& 
100 " 20 40 
TEMPERATURE («C) 
ID 
to 
Table 10, Distribution of amidase activity and organic C in selected Iowa soil 
profile samples 
Depth of Clarion Nicollet Marna Marshall Harps 
sample, cm OC® AA^ DC AÀ OC AA OC AA DC AA 
0-15 1.93 183 3.07 231 4.19 237 2.19 246 3.14 248 
15-30 1.51 155 1.36 141 2.24 93 2.11 220 1.44 68 
30-45 1.11 111 0.93 53 1.10 51 1.40 198 0.90 28 
45-60 0.62 80 0.54 40 0.76 37 1.04 157 0.61 20 
60-75 0.40 37 0.32 32 0.43 26 0.68 74 0.37 24 
75-90 0.30 17 0.18 15 0.34 16 0.41 24 0.20 7 
90-105 0.16 13 0.16 13 0.30 9 0.36 12 0.15 6 
105-115 0.16 8 .. — 0.30 9 0.31 6 - — 
^OC, organic carbon (%)., 
^AA, amidase activity (p,g NH.-N released*g ^ soil"2 hr ^  by using formamide as 
a substrate). 
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C in each soil profile sample. The simple correlation coef­
ficients (r) for this relationship in each of the soil pro­
files are: Clarion, r = 0.99**; Nicollet, r = 0.98**; 
Marna, r = 0.99**; Marshall, r = 0.96**; and Harps, 0.98**, 
The simple correlation coefficient for the pooled data (38 
samples of 5 soil profiles) is 0.89**. The decrease in ami­
dase activity with depth is of importance because its sub­
strates are potential N fertilizers, and placement of such 
compounds in subsurface soils may.reduce their rates of 
hydrolysis. 
Figure 11 shows that there is a direct relationship be­
tween amidase activity and organic C content in the surface 
soils studied. This relationship was highly significant (r = 
0.74***) and follows that of other soil enzymes, including 
phosphatase (Keilling et al., 1960), sulfatase (Tabatabai and 
Bremner, 1970b), urease (Tabatabai, 1977), invertase (Ross, 
1965), and amylase (Hofmcinn and Hoffmann, 1955). Figure 12 
shows that amidase activity is significantly correlated (r = 
0.74***) with total N content of the soils studied. Because 
organic matter content is indexed by both organic C and total 
N, similar results would be expected to exist between these 
two parameters and amidase activity. The activity of this 
enzyme also was highly correlated (r = 0.69***) with the per­
centage of clay in soils (Figure 13). The relationship be­
tween amidase activity and organic C, total N, and percentage 
of clay was surmised because it has been suggested that 
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Figure 12. Relationship between amidase activity and 
total N in soils 
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enzymes in soils are incorporated into a three-dimensional 
network of clay and htimus complexes (McLaren, 1975), Unlike 
the phosphomonoesterases (Jima and Tabatabai, 1978), there 
was no significant relationship between amidase activity and 
soil pH. There was, however, a highly significant correla­
tion (r = 0,72***) between amidase activity and urease ac­
tivity in the 21 surface soils studied (Figure 14). These 
two enzymes are related in that both are amidohydrolases and 
have similar kinetic properties (Tabatabai, 1973; also see 
Part II). The significant correlation between amidase and 
urease is not unusual because similar relationships have 
been reported for other soil enzymes. Amidase and urease in 
soils are believed to be of microbial origin, possibly in­
volving the same groups of microorganisms. Other workers 
have found that soil sulfatase activity is significantly 
correlated with phosphatase and urease activities (Speir, 
1977), invertase is positively and significantly correlated 
with amylase (Ross, 1975), and protease activity is corre­
lated with sulfatase activity (Ladd and Butler, 1972). 
Induction of Amidase in Soils 
The work reported in Figure 5 of Part I suggested that 
amidase in soils is induced by its substrates. In this study, 
experiments were designed to show this effect. Figure 15 shows 
the bacterial counts and amidase activity in the Okoboji soil 
incubated at 37°C for various times in the presence and 
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TIME OF INCUBATION (hours) 
Effect of toluene on bacterial counts and amidase activity in the 
presence of acetcimide or propionamide in Okoboji soil; O » bacterial 
count in presence of toluene; # , bacterial count in the absence of 
toluene; A » amidase activity in the presence of toluene; A , amidase 
activity in the cibsence of toluene 
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absence of toluene with acetamide or propionamide as a sub­
strate. Similar results were obtained with the Harps soil. 
The results show that, in the absence of toluene but in the 
presence of acetamide or propionamide, the bacterial popula­
tion increased during the first 12 hours of incubation but 
then decreased and leveled off after 36 hours. The bacterial 
population increase in the presence of propionamide was greater 
than that in the presence of acetamide. No such increase in 
bacterial population was observed when the soil was incubated 
with these substrates in the presence of toluene. Although 
an increase with time of incubation in bacterial population 
in the presence of toluene was not observed, Kaplan and 
Hartenstein (1979) reported that 5 of 14 bacteria that they 
tested were able to grow with 0.1 or 0.05% of toluene as the 
sole source of carbon. Contrary to the conclusion made by 
Kaplan and Hartenstein (1979) in studies of laccase and 
peroxidase, our results indicate that use of toluene as a 
biostatic agent is valid in assay of extracellular hydrolytic 
enzymes in soils. 
The rate of amidase activity was linear in the presence 
of toluene, and increased with time of incubation in the 
absence of toluene, showing an exponential curve. The bac­
terial counts and the exponential curve obtained for amidase 
activity in the absence of toluene support our previous find­
ing that the substrates used in the absence of toluene cause 
induction of this enzyme in soil microorganisms. The degree 
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of induction of amidase by formamide was not tested because 
this substrate is hydrolyzed rapidly in soils. But previous 
•work with formamide (Figure 5, Part I), along with the results 
reported in Figure 15, supports the conclusion that amidase is 
induced in soils by its substrates. In some cases, even 
without enzyme induction by a potential substrate, it is 
possible to observe similar changes in the content of such 
enzymes because of population adaptation in soils, based on 
mutation and selection of mutants able to make these enzymes, 
and grow therefore on the added substrate (Wiseman, 1975), 
Although population adaptation should be viewed as an alterna­
tive to enzyme induction, from the growth curves (Figure 15) 
it is doubtful that this occurred in the soil bacteria studied. 
Rapid induction of enzymes able to break down foodstuffs 
appearing in the environment of the microorganisms is clearly 
of great ecological advantage. This induction process affects 
a change in phenotype, allowing further production of energy 
required for metabolism and/or growth. 
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PART IV. EFFECTS OF TRACE ELEMENTS AND PESTICIDES ON 
AMI DAS E ACTIVITY IN SOILS 
104 
INTRODUCTION 
Recent concerns about environmental pollution of soils 
"by heavy metals and other trace elements^ have led several 
research centers to evaluate the toxic effects of trace ele­
ments on biochemical processes in soils because several of 
these elements are added to soils as fertilizers, as impuri­
ties in fertilizers, or as components of municipal and indus­
trial -wastes (Berrow and Webber, 1972). Use of trace elements 
in various industries has been summarized by Page (1974). 
Also, disposal of sewage sludges and effluents on agricultural 
land is becoming a widespread practice particularly with the 
increasing cost of fertilizers. Sewage sludge often contains 
many beneficial plant elements and, in addition, several toxic 
elements such as Ni, Cr, Cd, Se, As, Pb, and Hg which, when 
added to soils, may accumulate in plants and produce harmful 
effects by their recycling in the food chain (Chaney, 1973 ; 
Page, 1974). 
Several other elements (e.g., Pb and V) are present in 
fuel oils and gasoline and are emitted into the atmosphere 
upon burning and deposited on soils, especially near urban 
areas (Lagerwerff, 1972; Tyler, 1974, 1976). Research dealing 
with the chemistry of trace elements in soils auid the toxicity 
^The term trace element is used here to refer to elements 
that are, when present in sufficient concentrations, toxic to 
living systems. 
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of the various elements to biological systems, including 
accumulation in plants, is extensive (Lagerwerff, 1972; Kubota 
and Allaway, 1972; Chaney, 1973), but little is known about 
the relative effects of trace elements on the biochemical 
processes in soils. Knowledge of the relative effects of 
these elements on amidase activity is important because its 
family of substrates (e.g., formamide, acetamide, propion-
amide, oxamide, and many others) have potentials as synthetic 
N fertilizers. 
Pesticides are evaluated on their effectiveness, spe­
cificity, stability, and ease of preparation but little is known 
about their effects on disrupting the biological cycles in 
soils. Pesticides may effect microbial proliferation and en­
zymatic activities in soil and plant roots possibly by leading 
to a decrease in rates of biochemical processes in the soil 
environment. 
A review of literature revealed no information on the 
relative effectiveness of trace elements and pesticides on the 
inhibition of soil amidase. Therefore, this study was con­
ducted to evaluate such effects and determine their mode of 
inhibition. 
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MATERIALS AND METHODS 
The soils used were Muscatine, Harps, and Okoboji soils 
as described in Table 1 of Part I. 
The trace elements used were Fisher certified reagent-
grade chemicals. Of these, Ag(l), Cu(II), Cd(Il), Co(II), 
Fe(ll), Zn(II), and V(IV) were added as the sulfate; Cu(l), 
Ba(Il), Hg(Il), Mn(Il), Ni(Il), Sn(II), Al(III), Cr(III), 
and Fe(III) as the chloride; Pb as the nitrate; and As(III), 
B(III), Se(IV), As(V), Mo(VI), and W(Vl) as NaAsOg, NagB^O^, 
HgSeOg, NagHAsO^, HgMoO^, and Na^NO^, respectively. 
The herbicides used included AAtrex, Alanap, Amiben, 
Banvel, Bladex, 2,4-D, Dinitramine, Eradicane, Lasso, 
Paraquat, Sutan, and Treflan. The fungicides used included 
Captan and Meneb. The insecticides used included Diazinon 
and Malathion. The trade names, common names and active 
ingredients of the pesticides are reported in Table 11. 
In testing the effects of trace elements and pesticides 
on amidase activity, 5 g of soil in a 50-ml volumetric flask 
were treated with 1 mi solution containing either 2.5 or 25 
[i.mole of trace element or 5 or 50 |ig of active ingredient of 
pesticide. This solution was added dropwise to moisten the 
whole soil sample. After 30 minutes of equilibration, the 
moist soil was treated with 0.2 ml toluene (as a bacteriostat), 
8 ml of 0.1 M tris(hydroxymethyl)aminomethane (THAM) buffer, 
pH 8.5, and 1 ml 0.5 M formamide. The volumetric flask was 
Table 11, Trade names, common names, and active ingredients of the pesticides used 
Trade name Common name Active ingredients (a.i.) 
AAtrex 
Alanap 
Amiben 
Banvel 
Bladex 
Eradicane 
Lasso 
Paraquat^ 
Sutan 
TrefIan 
Atrazine 
Naptham 
Chloramben 
Dicamba 
Cyanazine 
2,4-D 2,4-D 
Dinitramine Cobex 
EPTC plus 
R-25788 
Alachlor 
Paraquat CL 
Butylate 
Trifluralin 
Herbicides 
2-Chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine 
Sodium N-l-naphthylphthalamate 
3-Amino-2,5-dichlorobenzoic acid 
3,6-Dichloro-o-anisic acid 
2-(4-chloro-6-ethylamino-s-triazin-2-ylamina)-2-
methylpropionitrile 
2,4-Dichlorophenoxyacetic acid 
, N'^-Diethyl-a, a, a-trif luoro-3,5-dinitro-toluene, 
2,4-diamine 
S-Ethyl-N,N,dipropylthiocarbamate plus N,N,-diallyl-l, 
1-dichloroacetamide 
2-Chloro-2'-6'-diethyl-N-(methoxymethyl)acetanilide 
1,1'-Dimethyl-4,4'-bipyridinium dichloride 
S-Ethyl diisobuty1thiocarbamate 
a,a,a-Trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine 
^Indicates common name officially designated by USDA. 
Table 11. (Continued) 
Trade name Common name Active ingredients (a.i.) 
Menesan 
Merpan 
Maneb 
Captan 
Fungicides 
Manganese ethylene bisdithiocarbamate 
Cis-N-[(Trichloromethyl)thio]-4-cyclohexene-l,2-
dicarboximide 
Insecticides 
Diazinon Diazinon 0,0-Diethyl 0-(2-isopropyl-4-methyl-6-pyrimidinyl) 
phosphorothioate 
Malaspray Malathion 0,0-dimethyl phosphodithioate of diethylmercapto 
succinate 
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stoppered and incubated for 2 hours at 37°C. After incuba­
tion, the volume was made up with 2.5 M KC1-0.005 M-
^^2(^2^3^2)2'^^2^* mixed, and then 20-ml of the soil suspen­
sion were taken for NH^-N analysis. Controls were performed 
by following the same procedure as described, but 1 ml of 
0.5 M formamide solution was added after the addition of the 
KC1-U02(C2H202)2*2H20 reagent. The NH^ released was deter­
mined as described in Part I. 
The results of amidase activity from trace element- or 
pesticide-treated soils were compared with those obtained with 
5 g of soil treated with 1 ml of water. Percentage inhibition 
of amidase activity by each trace element and pesticide was 
calculated from (A-B/A)100, where A is amidase activity of 
untreated soil and B is amidase activity of trace element- or 
pesticide-treated soil. 
In the study of determination of the mode of inhibition 
of amidase by Ag(l), Hg(Il), As(III), Se(IV), Diazinon, Lasso, 
and Sutan, the 5 g soil was treated with 1 ml of solution con­
taining either 10 ^mole of the trace element (2 (j,mole trace 
element/g soil) or 100 p.g of active ingredient (a.i.) of 
pesticide (20 |j,g of a.i. pesticide/g soil) and the enzyme was 
assayed by adding 1 ml of buffered 10, 13, 20, 35, or 80 irM 
formamide. The results obtained were plotted in the form of 
the Lineweaver-Burk plot; plotting 1/V versus l/S. All re­
sults reported are averages of duplicate determinations 
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calculated on an oven-dry basis, moisture being determined 
from loss in weight after drying at 105°C for 24 hours. 
Ill 
RESULTS AND DISCUSSION 
Effects of Trace Elements 
Results in Table 12 show that all the trace elements 
which were tested inhibited amidase activity. The effects of 
trace elements on amidase activity in soils varied consider­
ably among soils; however, Ag(l), Hg(Il), As(III), and Se(IV) 
were the most effective inhibitors. The average inhibition 
observed with 3 soils by using 5 jimoles of trace element/g 
soil ranged from 1% with Fe(ll) and Ti(IV) to 98% with As(IIl), 
but only Ag(l) and As(III) showed an average inhibition > 50%. 
Also, As(IIl) was a much stronger inhibitor than As(V). This 
is important because As(V) is readily reduced to As(III) in 
soils under anaerobic conditions. Reduction of the amount of 
trace element added per g of soil by 10-fold (from 5 fxmoles 
to 0.5 (amoles) decreased the degree of inhibition of amidase 
activity (Table 12). Other trace elements that inhibited 
amidase activity in soils were: Cu(l), Ba(II), Cd(Il), Co(II), 
Cu(ll), Fe(ll), Mn(Il), Ni(II), Pb(Il), Sn(II), Zn(Il), 
AI(III), B(III), Cr(lll), Fe(IIl), Ti(lV), V(IV), As(V), 
Mo(Vl), and W(VI). 
The pH values of the trace element solutions varied con­
siderably. They ranged from 2.1 for Sn(II) to 9,6 for As(III) 
and B(III) solutions• Tests indicated, however, that with the 
use of 0.1 M THAM buffer (pH 8.5), the pH of the soil-buffer 
mixture ranged from 8.4 with the Muscatine soil to 8,6 with 
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Table 12. Effects of trace elements on amidase activity in 
soils 
Percentage inhibition of amidase 
Trace element activity in soil specified^ 
Oxidation 
Element state Harps Muscatine Okoboji Avg, 
Ag I 53 62(18) 50 55 
Cu 2 1(0) 2 2 
Ba 11 3 1(0) 2 2 
Cd 6 6(2) 5 8 
Co 8 4(1) 5 6 
Cu 2 2(0) 4 3 
Fe 1 1(0) 1 1 
Hg 30 46(13) 27 34 
Mn 4 3(1) 8 5 
Ni 2 2(0) 6 3 
Pb 2 5(1) 5 4 
Sn 5 4(1) 5 5 
Zn 13 5(2) 6 8 
A1 III 0 1(0) 5 2 
As 98 99(32) 97 98 
B 5 9(2) 9 8 
Cr 4 4(1) 4 4 
Fe 0 2(0) 5 2 
Se IV 18 27(6) 16 20 
Ti 0 1(0) 1 1 
V 1 2(0) 5 3 
As V 1 2(0) 3 2 
Mo VI 2 2(0) 4 3 
W 1 3(0) 2 2 
5 (xmole trace element/g soil. Figures in parentheses 
indicate percentage inhibition of amidase activity by using 
0,5 (imole trace element/g soil. 
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the Harps soil. The deviation in pH values resulting from the 
addition of trace elements in the presence of THAM buffer did 
not exceed +0.1 pH unit. 
Metal ions may inhibit enzyme reactions by complexing the 
substrate, by combining with the protein-active groups of the 
enzymes, or by reacting with the enzyme-substrate complex. 
The mode of inhibition is dependent on the type of substrate 
used. To my knowledge, no information is available on the in­
hibition of amidase in soils by metal ions. The information 
available about inhibition of other enzymes by metal ions, how­
ever, indicates that the inhibition is usually noncompetitive 
in nature. Metal ions are assumed to inactivate enzymes by 
reacting with -SH groups, a reaction analogous to the forma­
tion of a metal sulfide (Shaw and Raval, 1961). Sulfhydral 
groups in enzymes may serve as integral parts of the cata-
lytically active sites or as groups involved in maintaining the 
correct structural relationships of the enzyme protein. 
Experiments with 5 pmoles of NaCl and K^SO^/g soil indi­
cated that the K', Na', CI , and SO^ associated with the 
trace elements studied did not have any effect on amidase 
activity in soils. Related anions, such as NO^ and NOg, were 
not inhibitory. The mode of inhibition of amidase activity 
by Ag(I), Hg(TI), As(III), and Se(lV) was studied by deter­
mining the substrate concentration on the initial velocity of 
the enzyme reaction in soils in the presence and absence of 
the trace elements indicated. These trace elements were 
specifically selected because they were the most effective 
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inhibitors of all the trace elements listed in Table 12. The 
results obtained are plotted in Figures 16 and 17, The re­
sults reported indicate that As(IIl) is a competitive inhibitor 
•while Ag(l), Hg(ll), and Se(IV) are noncompetitive inhibitors 
of amidase activity in soils. Apparently, As(III) has a simi­
lar ionic structure to that portion of formamide that binds to 
the active site of amidase. The apparent constant of ami­
dase in the presence of As(III) is larger than the constant 
in the absence of this inhibitor (Table 13). The re­
mained unchanged in the presence of As(III), indicating com­
petitive kinetics. 
Figures 16 and 17 indicate that Ag(I), Hg(II), and Se(IV) 
are noncompetitive inhibitors of amidase activity in soils. 
Their ionic structure, apparently, does not resemble that 
portion of formamide that binds to the active site of amidase 
but they can bind with some functional groups of the enzyme 
that are essential for maintaining the catalytic conformation 
of amidase. These inhibitors decreased the V^^^ values, but 
had no effect on the K constant. 
m 
Effects of Pesticides 
The application of pesticides has been shown to induce 
significant changes in soil microbial populations and reduce 
activities of several soil enzymes such as phosphatase, 
saccharase, B-glucosidase and urease (Voets et al., 1974; 
Lethbridge and Burns, 1976; Cervelli et al., 1976), As with 
Figure 16, Lineweaver-Burk plot of amidase in Muscatine soil in the presence 
and absence of selected trace elements (2 nmoles/g soil); S and V are 
expressed in M and (ig of NH4-N released/g soil/2 hours at 37°C, re­
spectively; numbers in parentheses after each element represent the 
oxidation state 
Muscatine Soil / 
• As (III) 
25 — / 
A Ag (I) 
• Hg (II) 
O Se (IV) 20 - / 
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Figure 17, Lineweaver-Burk plot of amidase in Okoboji soil in the presence and 
absence of selected trace elements (2 nmole/g soil); S and V are 
expressed in M and |ig of NH4-W released/g soil/2 hours, respectively; 
numbers in parentheses after each element represent the oxidation state 
Okoboji Soil 
As (III) 
A Ag (I) 
A Hg (II) 
O Se (IV) 
None 
H 
H 
00 
•2 0 
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Table 13. Apparent and values of ni3X amidase in soils 
calculated from the Lineweaver--Burk plot 
Muscatine soil Okoboii soil 
Treatment K^, m V ^ max K^, m V ^ max 
None 17.3 385 17.6 475 
Ag(l) 17.0 275 17.3 349 
Hg(II) 17.2 322 17.7 393 
As(IIl) 95.7 382 116.8 474 
Se(lV) 17.2 346 17.6 448 
Lasso 17.2 365 17.5 456 
Sutan 17.5 316 17.1 404 
Diazinon 17.6 337 17.5 423 
NH^-N released/g soil/2 hours by using formamide as 
a substrate. 
the trace elements, the effect of the pesticides on amidase 
activity in soils varied considerably among soils (Table 14). 
The trace elements, however, were much more effective in in­
hibiting amidase activity than the pesticides. The pesticides 
are large organic molecules which are strongly sorbed by soil 
constituents. Thus, they do not block the active sites of the 
enzyme as effectively as the smaller, inorganic ions (trace 
elements). The average inhibition observed with 3 soils by 
using 10 (ig active ingredient of pesticide/g soil ranged from 
2% with Dinitramine, Eradicane, and Merpan to 10% with Sutan 
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Table 14. Effects of pesticides on amidase activity in soils 
Percentage inhibition of amidase activity 
in soil specified^ 
Pesticide Harps Muscatine Okoboji Average 
Herbicides 
AAtrex 5 4(1) 3 4 
Alanap 6 6(2) 5 6 
Amiben 4 6(2) 2 4 
Banvel 0 8(3) 1 3 
Bladex 3 2(0) 3 3 
2,4-D 3 5(2) 2 3 
Dinitraxnine 0 6(2) 0 2 
Eradicane 1 6(2) 0 2 
Lasso 7 13(4) 5 8 
Paraquat 4 7(3) 0 4 
Sutan 12 9(3) 8 10 
TrefIan 2 3(1) 8 4 
Funaicide 
Menesan 0 8(3) 0 3 
Merpan 0 7(2) 0 2 
Insecticide 
Diazinon 5 11(4) 8 8 
Malaspray 5 13(4) 4 7 
10 |j,g of active ingredient of pesticide/g of soil. 
Figures in parentheses indicate percentage inhibition of 
amidase activity using 1 (j,g of active ingredient of pesticide/ 
g of soil. 
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(Table 14). Reduction of the amount of active ingredient of 
the pesticides added/g soil by 10-fold (from 50 jxg to 5 (ig) 
decreased the degree of inhibition of amidase activity. Other 
pesticides that inhibited amidase activity in soils were 
AAtrex, Alanap, Amiben, Banvel, Bladex, 2,4-D, Lasso, Para­
quat, TrefIan, Menesan, Diazinon, and Malaspray. 
The pH values of the pesticide solutions ranged from 
3.2 with Merpan to 9,9 with Bladex. Most of the other 
pesticide solutions had pH values in the 7 to 9 range. The 
pH of the reaction mixture with THAM at pH 8.5 in the assay 
of amidase activity in soils was not significantly altered 
(+0.1 pH unit). 
The mode of inhibition of amidase activity by Lasso, 
Sutan, and Diazinon was studied by determining the substrate 
concentration on the initial velocity of the enzyme reaction 
in soils in the presence and absence of the pesticides. 
These pesticides were specifically selected because Lasso 
contains a branched amide in its chemical structure, Sutan 
carries a linear amide, and Diazinon contains no amide group. 
Amidase (EC 3.5.1.4) specifically acts on aliphatic amides 
and aryl amides cannot act as substrates (Kelly and Clarke, 
1962; Florkin and Stotz, 1956), These pesticides were also 
the most effective inhibitors of all the pesticides listed 
in Table 14, Their mode of inhibition, as shown in Figures 
18 and 19, shows that all three are noncompetitive inhibitors 
of amidase activity. I originally expected Sutan to behave 
A Sutan 10 Muscatine Soil 
A Diazinon 
0 Lasso 8 
e None 
M 
° 6 
X 
> 
«H 
4 
1 1 1 1 1 1 1 i 
-8 
Figure 18. 
-6 -4 -2 0 
^-1 
8 10 
1/S X 10' 
Lineweaver-Burk plot of amidase in Muscatine soil in the presence and 
absence of selected pesticides (20 p,g of active ingredient/g soil); S 
and V are expressed in M and ng of NH^-N released/g soil/2 hours at 
37°C, respectively 
A Sutan 
ADiazinon 
O Lasso 
• None 
Okoboji Soil 
H to 
W 
Figure 19. 
1/S X 10 
Lineweaver-Burk plot of amidase in Okoboji soil in the presence and 
absence of selected pesticides (20 |ig of active ingredient/g soil); S 
and V are expressed in M and ^g of NH^-N released/g soil/2 hours at 
37°C, respectively 
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as a competitive inhibitor because of the similarity in its 
chemical structure with formamide (both contain a linear 
amide group), but apparently, the amide group must be at the 
terminal end of the molecular chain to compete for the active 
site of amidase. Lasso and Diazinon were expected to be non­
competitive inhibitors because neither one carries a linear 
amide group. The effect of Lasso, Sutan, and Diazinon on the 
apparent K and values of amidase is shown in Table 13. 
X(i fnaix. 
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CONCLUSION 
The results obtained in this study indicate that the 
application and/or accumulation of certain trace elements 
and pesticides in soil affect the rate of enzymatic hydrolysis 
of aliphatic amides in soils. This could lead to a reduction 
in the amount of nitrogen derived from soil organic matter 
which is available to the plant. The effect of agrichemicals 
on other soil enzymatic activities related to crop yield 
deserves further study. 
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PART V. TRANSFORMATIONS OF AMIDE NITROGEN IN SOILS 
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INTRODUCTION 
Niimerous studies have been conducted on the manipula­
tion of biochemical processes in soils for increasing the 
efficiency of N fertilizers, but there seems to be little 
progress in achieving that goal. A number of problems are 
encountered when N fertilizers are employed. Upon applica­
tion to soils, these fertilizers may be subjected to: 
(1) leaching and runoff losses, (2) denitrification losses 
through biological and chemical mechanisms, (3) dissolution 
rates too slow to keep pace with daily and normal crop re­
quirements, and (4) NHg volatilization losses during or 
shortly after application. 
One of the more popular solid N fertilizers available 
today is urea, an organic compound containing 46% N. The ad­
vantages of urea are manyfold and include: (1) a high analy­
sis, (2) safety in handling, (3) application as either a 
solid or solution, and (4) relatively low cost (Casser, 1964). 
Several problems, however, result from the rapid hydrolysis 
of urea by soil urease. These include gaseous loss of urea-N 
as NHg (Chin and Kroontje, 1963), NO2 toxicity (Chapman and 
Liebig, 1952), and free NHg damage to seedlings and young 
plants (Court et al., 1964). Consequently, many approaches 
have been used to control and retard urea hydrolysis in soils. 
These include coating the urea granules with elemental S, en­
zyme inhibitors, and use of urea derivatives (Beaton et al.. 
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1967; Parr, 1967; Casser and Penny, 1967; Pugh and Waid, 
1969; Bremner and Douglas, 1971; Gould et al., 1978). The 
problems often encountered with these approaches include un­
even coatings of the urea granules and nonspecificity of the 
enzyme inhibitors. The need for a slow-releasing N source 
that is economical and has a relatively high N content should 
be of interest for future research on N nutrition of plants. 
Amides, particularly formamide, seem to have potentials 
as N fertilizers because of their high water solubility, 
favorable crop yields in greenhouse tests and field trials 
when compared with urea (Brown and Reid, 1937; Rehling and 
Taylor, 1937; Terman et al., 1968; Hunter, 1974), and the 
possibility for economical large-scale production through new 
methods of synthesis (Jones et al., 1966). One such amide 
(oxamide) already has been evaluated as a slow-release N 
fertilizer (DeMent et al., 1961). 
Also, it seems feasible to synthesize organic N fertil­
izers in which both nonspecific or specific metabolic inhibitor 
groups are a part of the whole molecular configuration. Such 
functional groups would provide the molecule with resistance 
to degradation by enzyme attack through properties such as 
isomerism, chain length, asymmetry steric hindrance, and 
resonance. Through selective inhibition, a controlled release 
of N would be possible. Synthesis of such compounds with 
amides seems possible because several amides and their deriva­
tives already are available. But before recommendations for 
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application to soils, the fates of N in amides should be 
elucidated. Therefore, this study was carried out to deter­
mine the amounts of NH^-N, NOg-N, NOg-N, and NHg-N produced 
from 25 amides and their derivatives in comparison with those 
produced from (NH^)2S0^ and urea added to soils, and to 
examine the relationship between NHg volatilization from 
amide-treated soils and soil properties. 
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MATERIALS AND METHODS 
Materials 
The soils used (Table 15) were field-moist surface 
samples (0-15 cm) selected to obtain a range in pH (5.9-7.9), 
organic C (0.64-4.66%), and texture (4-32% clay and 3-93% sand). 
Before use, each soil was sieved and passed through a 2-mm 
screen. In the analyses reported in Table 15, pH, organic C, 
total N, cation exchange capacity (CEC), percentage clay, and 
percentage sand were performed as described by Neptune et al. 
(1975). Amidase and urease activities were assayed by the 
methods described in Part I and Tabatabai and Bremner (1972), 
respectively. The Downs soil was under the influence of for­
est vegetation, and the other four soil samples used were ob­
tained from fields under mixed grasses. 
All chemicals were reagent grade. Ammonium sulfate, urea, 
and thiourea were certified by the Fisher Scientific Company. 
Acetamide and acrylamide were Sigma certified and all other 
amides listed in Table 16 were certified by the Aldrich 
Chemical Company, Inc. 
Experimental Methods 
Field-moist soil samples (10 g on an oven-dry basis) were 
placed in 8-02 (ca. 250-ml) French square bottles and treated 
with 2 ml of a solution containing 2 mg of N as (1^4)230^, 
urea, or amide-N as listed in Table 16 (the moisture contents 
Table 15, Properties of surface field-moist soils used 
Organic Total Clay Sand Urease Amidase activity^ 
Soil pH C (%) N CEC^ (%) (%) activity F A P 
Clarion 5,9 1.50 0.159 14.6 19.0 53,4 41 143 15 29 
Chelsea 7.2 0.64 0.057 5.6 3.6 92.8 33 105 10 25 
Downs 7.5 3.08 0.289 24.2 25.9 3,3 165 374 42 91 
Canisteo 7.8 4.66 0.464 30.1 31.5 23,1 220 449 51 129 
Harps 7.9 3.73 0.367 27.4 28,0 30,4 139 229 36 81 
F, formamide; A, acetamide; P, propionamide. Activity expressed in ng NH^-N 
released/g of soil/2 or 24 hours when urea and formamide or acetamide and pro­
pionamide were used as substrates, respectively. 
^Cation exchange capacity (meq/lOO g of soil). 
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Table 16. Amides and other nitrogen compounds studied 
N source Molecular N 
Number Compound Formula weight (%) 
1 Urea NHgCONHg 60 46 
2 Thiourea NHgCSNHg 76 37 
3 Ammonium sulfate (NHjlgSOj 132 21 
4 Cyanamide HgNCN 42 67 
5 Formamide HCONHg 45 31 
6 Acetamide CH3CONH2 59 24 
7 Acrylamide H2C=CHC0NH2 71 20 
8 Propionamide CgHgCONHg 73 19 
9 Thioacetamide CH3CSNH2 75 19 
10 Fluoroacetamide FCH2CONH2 77 18 
11 2-Cyanoacetamide NCCH2CONH2 84 33 
12 Dicyandiamide NCN=C(NH2)2 84 67 
13 n-Butyramide CH3CH2CH2CONH2 87 16 
14 Oxamide H2NCOCONH2 88 32 
15 DL-Lactamide CH3CH(0H)C0NH2 89 16 
16 2-Chloroacetamide CICH2CONH2 94 15 
17 Glycinamide-HCl H2NCH2CONH2"HCl 111 25 
18 Azod icarbonam ide H2NC0M-NC0>JH2 115 48 
19 Succinamide H2NCOCH2CH2CONH2 116 24 
20 Benzamide C^HgCONHg 121 12 
21 N-Benzylf ormamide HCONHGHgCsHg 135 10 
22 Anthranilamide 2-(H2N)CgH4CONH2 137 21 
23 m-Methoxybenzamide CH30CgH^C0NH2 151 9 
24 n-Methoxybenzamide CH30CgH^C0NH2 151 9 
25 Benzenesulfonamide C6H5SO2NH2 157 9 
26 p-Nitrobenzamide 02NCgH4C0m2 166 17 
27 Sulf anilamide 4-(H2N)CgH4S02NH2 172 16 
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of the incubated soils ranged from 40 to 60% of their water-
holding capacities). Several amides, however, were insoluble 
in water and could not be added in this manner. These insolu­
ble compounds included oxamide, azodicarbonamide, succinamide, 
benzamide, m- and g-methoxybenzamide, benzenesulfonamide, g-
nitrobenzamide, and sulfanilamide. The insoluble amides were 
added to glass beads and mixed with a mortar and pestle until 
homogenized. The mixture was added to the soil, being evenly 
distributed on the soils surface. Two milliliters of de-
ionized water were added to bring the soil moisture content 
to field capacity. 
The bottles were then fitted with an aeration device 
having an acid trap for absorption of evolved on incuba­
tion of the soil samples. This device consisted of a rubber 
stopper having a central hole fitted with a glass tube 
(length, 110 mm; diameter, 25 mm) that had a glass vial (lO-ml 
beaker) containing 5 ml of 0.5 N H280^ attached to its lower 
end, the tube being sealed to the inside wall of the beaker. 
The design of this stopper-tube-vial assembly was such that 
the bottom of the vial was about 1.5 cm above the surface of 
the soil sample in the bottle, the Ipwer end of the glass tu,be 
was about 5 mm above the surface of the acid in the vial, and 
the upper end of the glass tube was about 2 cm above the top 
of the stopper. The end of the tube above the stopper was 
sealed with a rubber septum. The rubber septum was removed 
every 3 days for 20 min for aeration. The stoppered bottles 
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were incubated at 30°C, and after 14 days, the contents of 
their acid beakers were analyzed for by steam distilla­
tion after treatment with 5 ml of 1 M NaOH (Bremner and 
Edwards, 1965). The incubated soil samples were extracted 
with 100 ml of 2 M KCl, and the extracts thus obtained were 
analyzed for NH^-N and NO^-N (Bremner and Keeney, 1966) and 
for N02~N (Barnes and Folkard, 1951). Controls were per­
formed on all the soil samples to allow for NH^-N, NH^-N, 
NOg-N, and NOg-N not derived from the N sources added. To 
perform controls, the procedure described for incubation of N-
treated soil samples was followed, but 2 ml of deionized water 
were added instead of the solution containing the N sources. 
All values reported are averages of duplicate determination 
expressed on a moisture-free basis, moisture being determined 
from loss in weight after drying at 105°C for 24 hours. 
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RESULTS AND DISCUSSION 
The structural formula, molecular weight, and percent­
age of N for each of the N compounds used in this study are 
shown in Table 16, All amide-N compounds were listed in 
order of increasing molecular weight. The percentage of N 
content of the compounds used ranged from 9% in m- and e-
methoxybenzamide and benzenesulfonamide to 67% in cyanamide 
and dicyandiamide. In addition to their contents of N, 
thiourea, ammonium sulfate, thioacetamide, benzenesulfonamide, 
and sulfanilamide contained 42, 24, 43, 20, and 19% of S, 
respectively. 
Transformations of N compounds in soils were studied at 
30°C to simulate the mean soil temperature in humid regions 
during the summer months at shallow depths (Elford and Shaw, 
1960). The recovery of inorganic nitrogen from the N sources 
added to soils should give a reliable estimate of the compara­
tive behavior of the compounds under field conditions. This 
temperature was also selected because the optimum temperature 
for nitrification of ammonium-N in both soils and in cultures 
has been reported in the range of 30 to 35°C (Alexander, 1965). 
All the soils studied exhibited both urease and amidase 
activities (Table 15). The rates of hydrolysis of urea and 
the amides followed the same order in all soils. Both urease 
and amidase activities were greatest in the Canisteo soil 
and least in the Chelsea soil. Amides hydrolyzed by soil 
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amidase showed the following order of activities» formamide 
> propionamide > acetamide. Urease activity in these soils 
is comparable to the activity resulting from the hydrolysis 
of propionamide catalyzed by soil amidase. 
Both urea and the amides are similar in their formulae a 
and chemical composition. These substrates contain the same 
basic unit, a carbonyl and an amine group. The common struc­
tural formula between these substrates is* 
0 
II 
R - C - NH2 
where R may represent H as in formamide, CH^ as in acetamide, 
as in propionamide, and NH^ as in urea. Because the 
structural formulae of these substrates are similar and ami­
dase has a relative specificity for its substrates, one must 
ask if the hydrolysis of urea could be catalyzed by soil ami­
dase. Tests showed, however, that pure crystalline urease 
(B grade jack bean meal, Calbiochem, San Diego, Calif.) will 
not catalyze the hydrolysis of aliphatic amides. Because of 
lack of availability of highly purified amidase, the effect 
of urea on the catalytic action of this enzyme was not studied. 
The information available indicates, however, that urea is a 
noncompetitive inhibitor of partially purified amidase using 
propionamide as a substrate (Clarke, 1970), Other studies 
have shown that amidase is protected from inhibition by urea 
in the presence of hydroxylamine. It has been suggested that 
the inhibition by urea is due to its known effect on the 
137 
hydrogen bonding of proteins, and it is possible that, when 
hydroxylamine is present and bound to the amidase, the change 
in conformation of the enzyme protein may make it less vul­
nerable to attack by urea (Clarke, 1970), It is difficult to 
study these reactions in a system, such as soils, containing 
both urease and amidase activities. 
Figures 20-24 show the recovery of NH^-N volatilized, ex­
changeable NH^-N, NO2-N, and NO^-N derived from (NH^)gSO^, 
urea, and the 25 amides studied (the data obtained are sum­
marized in the Appendix). The recovery of inorganic N from 
th.e amides added was affected by the amide and soil used. 
When all soils were considered, the lowest total recovery was 
1% derived from dicyandiamide to 103% derived from formamide 
in the Harps soil. It is apparent from Figures 20-24 that 
there was no relationship between the rates of hydrolysis and 
molecular weight of the amides studied. Bray et al. (1949), 
however, found that the rate of hydrolysis of amides by 
amidase is related to the number of carbon atoms in the amide 
molecule. Maximum hydrolysis was observed with the amides of 
6 to 7 carbon atoms in chain length and the degree of hydroly­
sis fell progressively on either side. Figure 25 shows an 
inverse relationship between the number of carbon atoms in 
saturated aliphatic amides and the percentage of inorganic N 
recovered in soils. As the chain length of carbon atoms in­
creased, the total recovery of inorganic N decreased. Maximum 
hydrolysis in soils was observed with the formamide treatment 
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12 3 4 
NUMBER OF ALIPHATIC CARBON ATOMS 
Figure 25, Relationship between the number of carbon atoms 
in saturated aliphatic amides and the percentage 
of inorganic-N recovered in soils; the bars with­
in the histograms represent the range of N re­
covered for all soils 
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and progressively decreased thereafter. The slow releasing 
N sources seem to be comprised of the amides with the longer 
chain length of carbon atoms. The amount of inorganic N re­
covered from the amides was related to their rates of hydroly­
sis because the amount of N lost through fixation and assimi­
lation by microorganisms would be very small compared to the 
total recovery. The data collected in Figure 25 did not in­
clude the transformations of (NH^)2S0^, thiourea, cyanamide, 
dicyandiamide, benzenesulfonamide. 
Four amides (cyanamide, dicyandiamide, benzenesulfon­
amide, and sulfanilamide) were resistant to hydrolysis by 
amidase in all five soils investigated. By examining the 
formulae of these four amides, one finds that cyanamide and 
dicyandiamide have CN groups and benezenesulfonamide and sul­
fanilamide both have SOg groups. All four compounds lack a 
carbonyl group which is characteristic of an amide; therefore, 
it is likely that these compounds are not attacked by amidase 
but are perhaps decomposed nonbiologically in soils. The 
stability and persistence of these amides in soils is quite 
long lived as evident from Figures 20-24, Cyanamide, di­
cyandiamide and sulfanilamide are currently being used as a 
herbicide, nitrification inhibitor, and an antibacterial agent 
in medicine, respectively. 
With the majority of amides studied, the inorganic N pro­
duced accumulated as nitrate. Recoveries of NOg-N from all 
soils showed that urea, acetamide, propionamide, 2-
145 
cyanoacetamide, n-butyramide, oxamide, and DL-lactam!de were 
rapidly nitrified and NO^-N exceeded more than 50% of the 
total inorganic N recovered. Recoveries of NO^-N derived 
from formamide exceeded 90% of the total inorganic N in all 
soils except the Chelsea sandy soil which was only 38%, 
Some amides were not nitrified to nitrate bnt accoixnulated 
as ammonium. Recovery of NH^-N exceeded 40% of the total re­
covery as inorganic N when thioacetamide, fluoroacetamide, 
and 2-chloroacetamide were added to soils. The similarity 
between these compounds is that all three are acetamides and 
upon hydrolysis yield an acetate. Thioacetamide and thiourea 
are very similar in their formulae and chemical composition. 
They differ in that the radical of one contains an amine group 
and the other contains a methyl group (Table 15) . Both com­
pounds inhibit nitrification but thioacetamide was much more 
effective than thiourea. 
Halogenation of acetamide as in fluoro- and 2-chloro­
acetamide inhibits nitrification in a unique manner, resulting 
in accumulation of NH^-N. Hydrolysis of fluoroacetamide yields 
fluoroacetate and ammonia. The information available in the 
literature indicates that fluoroacetate forms fluoroacetyl-
CoA which reacts with oxaloacetate to form fluorocitrate in 
the Kreb cycle (Bidwell, 1974). Fluorocitrate is a competitive 
inhibitor of aconitase and blocks the cycle. Chloroacetamide 
follows the same mode of action as that of fluoroacetamide. 
Bromoacetamide was not tested but one should expect similar 
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results with, all three halogenated acetamides. 
With one sandy soil (Chelsea) the addition of urea, 
formamide, N-benzylformamide, and E-nitrobenzamide promoted 
the accumulation of nitrite (Figure 21). The recovery of the 
amide-N as NOg-N was as high as 22% with formamide# 14% with 
N-benzylf ormamide, 6% with urea, and approximately 5% with 
E-nitrogenzamide. These findings suggest that the classical 
Nitrobacter reaction (oxidation of nitrite) was inhibited. 
Chapman and Liebig (1952) reported that nitrite will frequently 
accumulate in alkaline soils when fertilized with heavy amounts 
of N sources to produce a considerable concentration of ammoni­
um ions. There was no recovery of NOg-N in the Clarion acidic 
soil but small amounts were detected in the other alkaline 
soils. 
Appreciable amounts of ammonia were volatilized when urea, 
formamide, acrylamide, 2-cyanoacetamide, and j^-nitrobenzamide 
were added to the Chelsea sandy soil (Figure 21). Ammonia 
volatilization was greatest with the formamide treatment, 
approximately 28% of the total inorganic N recovered was 
NHg-N. Very little ammonia was volatilized in the other four 
soils. The amount of ammonia volatilized was influenced by 
properties of the soils studied. Chin and Kroontje (1963) 
reported that soils having low clay contents, low cation ex­
change capacities, and high pH values favor the volatilization 
of ammonia. 
Statistical analysis indicated that the amounts of NH^-N 
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volatilized from urea, formamide, acetamide, and propion-
amide in all soils, except the acidic soil (Clarion), correlate 
significantly but .negatively with organic C, cation exchange 
capacity (CEC), and clay content (Table 17). The amount of 
NHg volatilized was correlated with organic C at the <5% 
probability level and the cation exchange capacity and clay 
content at the <1% probability level. Although the NHg 
volatilized is highly correlated with these soil properties, 
there is an intercorrelation within the properties themselves. 
The CEC of a soil is dependent upon the clay content and 
organic matter; therefore, a strong relationship between CEC 
and NHg volatilization should exist. The capacity of soils 
to retain NH^ in exchange sites and pH will influence the rate 
at which gaseous NH^ is volatilized. The soils with lower 
cation exchange capacities showed the greatest amounts of 
NHg-N volatilization. The amount of loss and its rela­
tionship to the soils CEC also was supported by the findings 
of Loftis and Scarsbrook (1969). 
The pH of soils treated with (NH^)2S0^, urea, formamide, 
acetamide, and propionamide is shown in Table 18. All treat­
ments produced a decrease in soil pH after incubation. 
Nitrification of NH^-N resulted in a release of h"*" ions, cre­
ating an acidifying effect on the soil reaction; 
NH^ + ZOg -» NO3 + H^O + 2H"^ 
Both carboxylic acids and NH3 are products of amide hydrolysis. 
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Table 17. Correlation coefficients (r) between NH^-N 
volatilized and soil properties 
Substrate Organic C CEC Clay Sand 
Urea -0.97* -0.99** -0.99** 0.91 
Formamide -0.96* -0.99** -0.99** 0,90 
Acetamide -0.96* -0.99** -0.99** 0.93 
Propionamide —0.96* -0.99** -0.99** 0.92 
*,**Significant at 5% and 1% levels, respectively. 
Table 18. Effect of nitrification of nitrogenous materials 
on soil pH^ 
Treatment^ 
Soil None AS U FA AA PA 
Clarion 5.9 5.2 5.5 5.8 5.6 5.8 
Chelsea 7.2 6.1 5.6 6.0 5.3 5.6 
Downs 7.5 6.6 6.3 7.4 5.9 6.4 
Canxsteo 7.8 6.0 6.2 6.1 o • ^  6.1 
Harps 7.9 6.9 6.3 6.3 6.3 6.5 
^pH of soil (soil;water ratio, 1:2.5) after incubation. 
^AS = ammonium sulfate; U = urea; FA = formamide; AA = 
acetamide; PA = propionamide. 
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and the former also may have some influence on the final soil 
pH. 
A high percentage of NH^-N derived from urea and the 
amides was volatilized when the initial soil pH exceeded 7.0. 
The acid soil (Clarion) showed very little NH^-N volatilized, 
whereas the other four soils showed substantial losses, the 
greatest loss being in the Chelsea sandy soil. Similar find­
ings have been reported by Ernst and Massey (1960). 
Hydrolysis and nitrification in soils of the amides re­
ported, coupled with the information available on uptake by 
plants of the mineral N produced (Heitor Cantarella, Depart­
ment of Agronomy, Iowa State University, personal communica­
tion), indicate that amides should have potentials as fertil­
izers. The possible synthesis of other amides with a rela­
tively high N content and containing P and(or) S deserves 
investigation. 
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PART VI. ŒARACTERIZATION OF AMIDASE IN BACTERIA 
ISOLATED FROM SOIL 
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INTRODUCTION 
The source of many extracellular enzymes (exoenzymes) 
in soils is believed to be primarily microbial in nature. 
Many of the exoenzymes released from microorganisms are 
hydrolytic enzymes which may serve the cell by destroying 
toxic substances and aid in the breakdown of nutrients. 
Once the exoenzymes are secreted in soils, their fate may 
undergo several alternatives: (1) they could be degraded by 
existing proteinases in the soil or (2) protected by soil 
constituents such as humus and clay colloids. The complex of 
soil enzymes with humic materials makes it very difficult to 
extract and characterize these enzymes in a purified form. 
If they could be extracted from soils, the effect of various 
soil constituents on their activities could be examined. 
Very little attention has been focused on soil bacterial 
amidase despite the fact that this enzyme has been reported in 
Pseudomonas by Kelly and Romberg ( 1954 ) . Lactobacil lus by 
Hughes and Williamson (1953), Mycobacterium by Halpern and 
Grossowicz (1957) and Bacillus by Thalenfeld and Grossowicz 
(1976). Kelly and Clarke (1962) showed that aliphatic amidase 
from Pseudomonas aeruginosa can act as both a hydrolase and 
transferase. Findlater and Orsi (1973) suggested a possible 
mechanism of action by amidase and Brown et al. (1973) de­
scribed its molecular structure. But very little information 
is available on the kinetic parameters of bacterial amidase 
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and since many of these bacteria are found in soils, the 
effect of agrichemicals on amidase activities should be of 
interest. Information concerning these parameters would be 
valuable in evaluating the effects of soil constituents on 
the properties of enzymes released by several soil microor­
ganisms . 
Although clay minerals play an important part in 
stabilization of soil enzymes, adsorption of enzyme proteins 
by these soil constituents appear to result in loss of activi­
ty. Makboul and Ottow (1979a,b,c) reported that activities 
of alkaline phosphatase, urease, and acid phosphatase were 
inhibited by montmorillonite, illite, and kaolinite. The in­
hibitory effects of allophane and montmorillonite on protease, 
a-amylase, and 3-amylase prepared from Streratomvces ariseus.. 
bacteria (not specified), and barley, respectively, were 
reported by Kobayashi and Aomine (1967), Dick (1980) showed 
that acid phosphatase and inorganic pyrophosphatase from 
sterile corn roots were inhibited by montmorillonite and 
illite and kaolinite. The inhibition by montmorillonite and 
illite followed partial noncompetitive kinetics and inhibi­
tion by kaolinite followed partial competitive kinetics. 
Therefore, it appears that the soil constituents have a marked 
influence on the activities of extracellular enzymes in soils. 
The present work is a report on the enzyme amidase, which 
was extracted and partially purified from soil bacteria. The 
objectives of this investigation were (1) to study the effects 
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of substrates, toluene, pH, and temperature on the extracted 
amidase, (2) to determine several kinetic parameters, such 
as its K and V values, energy of activation, and tern-
ul IiiaX 
perature coefficients of this enzyme, and (3) to evaluate the 
effects of various trace elements and of several pesticides 
on bacterial amidase. The activities and kinetic parameters 
of bacterial amidase were then compared to amidase found in 
soils. 
154 
MATERIALS AND METHODS 
Bacterial Isolation and Cultivation 
One gram of field-moist Okoboji soil was added to 99 ml 
of sterile tap water. The bottle was shaken vigorously and 
approximately 1 ml was removed and added to a Petri plate 
containing a medium with minimal salts and acetamide as de­
scribed in Part III. Acetamide was added to this medium as 
the sole source of carbon and nitrogen. The plate was 
rotated, inverted, and incubated at 25°C for 3 days. After 
incubation, a single bacterial colony was inoculated on 
another plate containing the same growth medium. This pro­
cedure was repeated with 4 serial transfers to obtain a pure 
culture. The bacterium isolated was a gram-negative rod. 
It was inoculated on 10 plates containing the same growth 
medium and harvested after 48 hours of growth. 
Extraction and Partial Purification of Atnidase 
Each petri plate containing the bacteria was treated 
with 5 ml of 0,1 M THAM buffer (pH 7,0), The cells were har­
vested by suspending the colonies in solution with a glass 
rod. The solutions of the 10 Petri plates were combined and 
centrifuged at 4°C for 30 minutes at 8,000 rpm. The super­
natant was discarded and 30 ml of 0.1 M THAM (pH 7,0) were 
added to concentrate the cells. The cells were than lysed 
with a French press (American Lab Press) at 20,000 psi. After 
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centrifugation of the lysates for 15 minutes at 8,000 rpm, 
the supernatant was recovered. An equal volume of 70% 
saturated ammonium sulfate solution was slowly added to the 
protein mixture while being gently stirred. The protein 
solution was then kept at 4°C overnight to allow protein pre­
cipitation to reach completion. The precipitated protein 
solution was transferred into a centrifuge tube, centrifuged 
for 20 minutes at 8,000 rpm, and recovered by discarding 
the supernatant fluid via aspiration with a Pasteur pipette. 
Distilled water was added to the precipitated protein to ob­
tain a solution having a total volume equal to that of the 
original volume (30 ml). Reprecipitation of the enzyme mix­
ture was again carried out, using a volume of 70% saturated 
ammonium sulfate equal to the volume of the original solution. 
After 3 hours, the protein was recovered by centrifugation 
and the supernatant was discarded. The precipitated protein 
was redissolved in approximately 30 ml of 0.1 M THAM (pH 7.0) 
containing 5 mM mercaptoethanol. The enzyme solution was 
then dialyzed against 50 volumes of 0,05 M THAM (pH 7.0) for 
3 hours. At the end of this time, the buffer was replaced 
and dialyzed continuously overnight. Dialysis was continued 
until no trace of sulfate ion could be detected by the BaCl 
test in solution. The dialyzed protein solution was diluted 
to 2O0 ml with 0.1 M THAM (pH 7.0). This enzyme solution was 
stored at -20°C. 
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Protein Determination 
Protein was determined in the cell-free extracts by the 
method of Lovrry et al. (195i;. This colorimetric method is 
based on the biuret reaction and reduction of arsenomolybdate 
(Folin reagent) by the tyrosine and tryptophan residues of 
the protein. The enzyme preparation contained 0.1 mg protein 
per ml. 
Assay of Amidase 
The activity of amidase was measured by the method de­
scribed in Part I. The actual procedure of the assay involved 
the addition of 1 ml containing 0.1 mg of bacterial protein to 
a 25-ml volumetric flask, plus 3 ml of THAM buffer (0.1 M, pH 7.0), 
and 1 ml of 0.4 M formamide solution. Activity was determined 
by steam distillation of the ammonium produced by amidase 
when the sample was incubated at 37°C for 2 hours. Controls 
were included as described in Part I- Enzyme activity was 
found to be a linear function of time, up to 3 hours. Sub­
strate specificity was tested by adding formamide (Aldrich), 
acetamide (Sigma), propionamide (Aldrich), L-glutamine (Sigma), 
li-asparagine (Sigma), and urea (Fisher) to the bacterial pro­
tein at a concentration of 0.08 M. Unless otherwise indicated, 
the pH, type of buffer used, time and temperature of incubation 
for the assay used was the same as described above. 
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Kinetic Analyses 
The and values were calculated by plotting 
In fu&x 
amidase activity values according to three linear trans­
formations of the Michaelis-Menten equation: Lineweaver-Burk 
plot, Eadie-Hofstee plot, and Hanes-Woolf plot (Hofstee, 1952), 
The activation energy and Q^g's were calculated from the 
amidase activity obtained with 0.08 M formamide, but the 
temperature of incubation was varied from 10 to 50°C. The 
activation energy values were calculated by using the Arrheni-
us equation. 
Effects of Trace Elements and Pesticides 
The trace elements and pesticides used were the same as 
those described in Part IV. In testing the effects of trace 
elements and pesticides on bacterial amidase activity, 1 ml 
of a solution containing 0.1 mg protein was added to a 25-ml 
volumetric flask and treated with 1 ml of a solution contain­
ing 2 {xmole of trace element or 2 |j,g of active ingredient of 
pesticide. After 20 minutes of equilibration, the sample was 
treated with 2 ml of THAM buffer (0.1 M, pH 7.0) plus 1 ml of 
0.4 M formamide and assayed as described previously. The 
results of amidase activity from trace element- and pesticide-
treated bacterial protein were compared with those obtained 
with 1 ml of a solution containing 0.1 mg protein treated 
with 1 ml of water. Percentage inhibition of amidase activity 
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by each trace element and pesticide was calculated from 
(A-B/A)100, where A was the untreated bacterial amidase 
activity and B was amidase activity treated with the trace 
elements or pesticides. 
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RESULTS AND DISCUSSION 
Substrate Specificity and the Effect of Toluene 
Amidase exhibits a relative specificity in that it has 
a limited preference for hydrolyzing chemically related sub­
strates . Gorr and Wagner (1933) showed that yeast Candida 
(Torula) utilis hydrolyzed urea if it had been grown in media 
containing acetamide, L-asparagine, or urea but not if the 
only source of nitrogen was ammonium sulfate. Several amides 
were tested as potential substrates for this protein fraction 
extracted from the soil bacteria. With activities expressed 
as ng of NH^-N released/0,1 mg protein/2 hours in parentheses, 
the following amides were hydrolyzed: formamide (583), L-
glutamine (135), propionamide (114), acetamide (37), L-
asparagine (34), and urea (23). One should be cautious about 
interpretation of these results, because it appears that ami­
dase can hydrolyze L-glutamine, L-asparaginase, and urea in 
addition to the aliphatic amides, but then again, the protein 
fraction may also contain the enzymes L-giutaminase, L-
asparaginase, and urease. The question of substrate speci­
ficity is dependent upon the degree of purification. 
Toluene is used as a bacteriostatic agent in the assay of 
several extracellular enzymes in soils. It prevents inter­
ference in the assay of many enzymes by preventing microbial 
growth or microbial assimilation of the products during the 
incubation period. Beck and Poschenrieder (1963) showed that 
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the concentration of toluene needed to inhibit microbial ac­
tivity during the assay is dependent on the pretreatment and 
moisture content of the soil. It has been proposed that tolu­
ene serves as an unmasking agent by increasing the activities 
of several enzymes in microorganisms such as g-galactosidase 
(Herzenberg, 1959), alkaline phosphatase (Levinthal et al., 
1962), and urease (Conrad, 1940). Skujins (1978) reports that 
enzymes are not set free by the action of toluene; rather the 
cell membrane becomes permeable to the substrates and products. 
Also, toluene is a plasmolytic agent in certain groups of 
microorganisms which promotes the release of several intra­
cellular enzymes. It has no effect on activities of inor­
ganic pyrophosphatase (Dick and Tabatabai, 1978) nor invertase 
(Kiss and Boaru, 1965) in soils. The only enzymatic activity 
which appears to be seriously affected by toluene is dehy­
drogenase (Skujins, 1978) and soil amidase (Part I). 
Toluene inhibits the synthesis of enzymes by living 
cells. Soil amidase activities are lower in the presence of 
toluene because this agent either inhibits amidase or prevents 
its induction by the presence of its substrates. Bacterial 
amidase activities were also lower in the presence of toluene. 
Activity detected with bacterial amidase (0.1 mg protein) in 
the presence of 0.2 ml of toluene was 44% of that detected in 
the absence of toluene. This finding indicates that the re­
pression of amidase observed in the presence of toluene (Part 
I) is not just due to inhibition of induction of amidase by 
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its substrates, but also to the inhibitory effect of toluene 
on this enzyme protein. 
Optimal pH 
An important factor which influences enzyme activity 
in any biological system is pH. Figure 26 shows that the 
optimal activity of bacterial amidase occurred at pH 7.0. 
The pH-activity relationship showed a decrease in the alkaline 
range, but was somewhat stable up to pH 10. The optimal pH is 
similar to that (pH 6.5) reported for amidase activity in 
Pseudomonas fluorescens isolated from a garden soil (Jakoby 
and Fredericks, 1964). Although the conditions for assay of 
soil and bacterial amidase were similar, the optimal pH for 
bacterial amidase was considerably lower than that detected 
in soils (pH 8.5) (Part I). This was expected because gen­
erally the pH optimum of a soil enzyme is about 2 pH units 
higher than the same enzyme, but in the absence of soil 
(McLaren and Eastermann, 1957). 
Howell and Sumner (1934) noted that the optimal pH of an 
enzyme depends upon the concentration of the substrate and 
type of buffer used. In this case, the concentration of 
formamide was 0.08 M and THAM was the buffer. THAM buffer was 
chosen because the NH^-N released by amidase activity was con­
siderably higher in the presence of THAM than in the presence 
of phosphate, acetate, citrate, or modified universal buffer 
(Part I). 
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Figure 26. Effect of pH of buffer on release of NH.-N 
assay of bacterial amidase activity 
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Substrate Concentration 
A study of the effect of varying the substrate (forma-
mide) concentration in the method described showed that the 
concentration adopted (0.08 M) was satisfactory for the assay 
of bacterial amidase activity (Figure 27). The rate of 
reaction catalyzed by amidase approached a limiting velocity 
at higher concentrations of formamide. At the concentration 
of 0.08 M, amidase was saturated with formamide and the re­
action rate essentially followed zero-order kinetics. By 
assaying amidase at the saturation level, this method becomes 
highly sensitive because the velocity can be measured accurate­
ly with minor fluctuations in the substrate concentration. 
Temperature of Incubation 
Many catalyzed reactions proceed at a faster velocity 
with increasing temperature within a temperature range as long 
as the enzyme is stable and retains its full activity. Studies 
with the effect of temperature on bacterial amidase activity 
shows that inactivation of amidase occurs at about 55°C 
(Figure 28). This relationship resulted from an increase of 
the reaction rate below the critical temperature and an in­
creasing rate of thermal denaturation of amidase above the 
critical temperature. A search of the literature revealed 
that no report was available on the inactivation of amidase 
found in other biological systems excépt for that reported in 
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Figure 27. Effect of substrate concentration on release of 
NH^-N in assay of bacterial amidase activity 
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Figure 28. Effect of temperature of incubation on release 
of NH^-N in assay of bacterial amidase activity 
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soils (Part I). The inactivation temperature for soil amidase 
was 65°C. Previous work on the effect of temperature on en­
zyme activity has shown that the temperature needed to inac­
tivate enzymes in soil is about 10°C higher than the tempera­
ture needed to inactivate the enzyme in the absence of soil 
(Skujins, 1967). The assay of bacterial amidase activity 
was performed at 37°C because this temperature has been used 
extensively for the assay of enzymes in biological materials, 
and preliminary tests showed that it was not necessary to use 
a higher temperature to obtain precise results. 
Energy of Activation 
A reactant in a chemical reaction will remain stable as 
long as there exists a barrier to prevent a spontaneous reac­
tion. This barrier is the activation energy required to 
convert the reactant into an activated transition state. The 
amount of energy required for the reactant to reach this 
transition state can be calculated from the Arrhenius equation: 
k = A*exp(-E^/RT) 
The Arrhenius equation actually describes the amount of en­
ergy required for the formation of active molecules to react 
with each other with increasing temperature below thermal 
inactivation and form an activated complex. 
Enzymes can accelerate the rate of chemical reactions 
by binding to the reactants to produce a transition state with 
a lower energy of activation than the transition state of an 
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uncatalyzed reaction. The Arrhenius plot (Figure 29) for 
amidase activity was linear from 10 to 50°C. Activation 
energy of amidase was calculated as 18.9 kJ/mole from the 
slope of the line in the Arrhenius plot. This value was con­
siderably lower than the energy of activation obtained with 
soil amidase reported in Part II (46.9 kJ/mole). Apparently, 
the presence of soil constituents hinders the formation of an 
activated complex with a lower activation energy as found in 
the bacterial protein. A search of the literature did not 
reveal any activation energy values for amidase in any other 
biological materials. 
Temperature Coefficients 
The rates of all chemical reactions are dependent upon 
temperature, and reactions catalyzed by enzymes are no excep­
tion. The rate of enzyme catalyzed reactions generally in­
crease with increasing temperature as long as the temperature 
is below thermal inactivation. Temperature coefficients 
(Qiq) vary from one enzyme to another depending upon the 
activation energy. The temperature coefficients of bacterial 
amidase were somewhat lower than 's obtained for soil ami­
dase (Table 19). The low Q^q values for bacterial amidase 
are indicative of the low kinetic energy required for the 
reaction catalyzed by this enzyme when compared to soil 
amidase. 
168 
IJ-J CD 
3.0 3.1 3.2 3.3 3.4 
I/T (K"! X 10^) 
3.5 3.6 
Figure 29. Àrrhenius plot of bacterial amidase activity 
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Table 19. Temperature coefficients of bacterial and soil 
amidase 
Temperature Bacterial amidase Soil amidase^ 
(OC) 
10-20 1.23 1.64 
20-30 1.21 1.80 
30-40 1.46 1. 88 
40-50 1.20 1.68 
HQ _ Amidase activity at °T + 10 
Amidase activity at °T 
^Each figure is an average for 8 soils. 
Temperature Stability 
The bacterial protein was preincubated for 2 hours then 
brought to room temperature (24°C) and assayed at 37°C. 
Amidase was stable from temperatures of lO to 50^C and dé­
naturât ion started to occur at 55°C (Figure 30). Denaturation 
involves the unfolding of the native folded structure of the 
polypeptide chain within the globular protein (Lehninger, 
1975). Biological activity decreased because thermal agita­
tion caused the native folded structure to uncoil into a ran­
dom peptide chain. Although bacterial amidase denatures at 
55°C, some enzymes are stable and retain their activity at 
much higher temperatures, e.g., enzymes of various thermophilic 
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Figure 30. Effect of preheating temperatures on the 
stability of bacterial amidase 
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bacteria inhabiting hot springs are active at temperatures 
exceeding 85°C. Denaturation of enzymes is usually an 
irreversible process, but the catalytic activity of some 
enzymes return upon renaturation. For example, ribonuclease 
loses its activity upon heating, but quickly regains it on 
cooling indicating that the uncoiled random polypeptide chain 
can fold back to its native conformation (Lehninger, 1975). 
Proteins can also be denatured by high concentrations of urea 
(5 to 8 M), guanidinium salts (4 to 6 M), anionic and 
cationic detergents, extremes in pH, and many organic solvents 
miscible in water (White et al., 1973). 
\ ^max values 
Figure 31 shows plots of three linear transformations of 
the Michaelis-Menten equation applied to the bacterial amidase 
activity obtained as a function of formamide concentration. 
The lines shown in Figure 31 were those calculated by re­
gression analysis. The K and values were calculated 
^ m max 
from each transformation and all three methods of calculations 
showed similar results, but the magnitude of the and V XU uldX. 
values were consistently higher in the following order; 
Hanes-Woolf > Eadie-Hofstee > Lineweaver-Burk method (Table 20). 
By using the Lineweaver-Burk plot (l/V vs l/S), the 
value obtained for bacterial amidase was 5.53 r# and the 
^ma> value was 609 p,g NH^-N released/0.1 mg protein/2 hours. 
The constants and values calculated from the other two 
Figure 31. Three linear plots of the Michaelis-Menten 
equation for bacterial amidase activity; 
velocity is expressed as ng NH4-N released/0.1 
mg protein/2 hours by using the substrate forma-
mide; substrate concentration (S) is in M 
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Table 20. K and V „ values of bacterial amidase calculated 
m max , 
from three linear transformations of the 
Michaelis-Menten equation 
Michaelis-Menten 
transformations Km, m V ^ max 
Lineweaver-Burk plot 5.63 609 
Eadie-Hofstee plot 6.00 617 
Hanes-Woolf plot 7.56 644 
|^j.g NH^ -N released/0.1 mg protein/2 hours. 
transformations were as follows: Eadie-Hofstee plot (V vs 
V/S), the value was 6.00 mM and the value was 617 (xg 
NH^-N released/0.1 mg protein/2 hours; Hanes-Woolf plot 
(S/V vs S), the K value was 7.56 mM and the value was 
ni ulaX 
644 ng NH^-N released/0.1 mg protein/2 hours. 
The value (5.6 mM) obtained for bacterial amidase, 
when the Lineweaver-Burk plot was used* is very similar to 
that reported for this enzyme (5.0 mM) in the Pseudomonas 
fluorescens group when acetamide was used as the substrate 
(Jakoby and Fredericks, 1964). The Michaelis constants for 
amidase in soils was shown to be dependent upon the substrates, 
but when formamide was used, and value was somewhat higher 
(12.3 nM) than bacterial amidase (5.63 nM). 
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Effects of Trace Elements 
Application of sewage sludge on agricultural soils is 
becoming popular and widespread, but there is a need to study 
the effects of heavy metals and other trace elements on bio­
chemical processes in soils. In studies of the effect of 
trace elements on bacterial amidase activities,the pH of the 
incubation medium was controlled. Deviation in pH values re­
sulting from the addition of trace elements in the presence of 
THAM buffer (pH 7.0) did not exceed +0,2 pH units. The ef­
fects of trace elements on bacterial amidase varied consider­
ably (Table 2l). The most effective inhibitors (greater than 
25% inhibition) were Ag(I), Cd(II), Cu(Il), Hg(Il), Ni(II), 
Pb(II), Zn(Il), Al(III), As(III), and Se(IV) when 0.4 itM trace 
element in the incubated enzyme-substrate system was used. 
However, only Ag(I) and As(III) showed inhibition greater 
than 50%. Other trace elements that markedly inhibited bac­
terial amidase activity were Cu(I), Ba(Il), Co(II), Fe(II), 
Mn(Il), Sn(II), B(III), Cr(III), Fe(III), Ti(IV), V(IV), 
As(V), Mo(VI), and W(Vl). The order of magnitude of inhibi­
tion by the trace elements on the two states (free bacterial 
amidase and amidase in soils) of the enzyme were somewhat 
similar. Table 21 shows that Cu(ll) and Fe(III) inhibit the 
bacterial amidase reaction greater than Cu(I) and Fe(II). 
This is important since the source of amidase used was 
bacteria isolated from soil; when the soil becomes 
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Table 21. Effects of trace elements and pesticides on 
bacterial amidase activity 
Percentage inhibition of bacterial amidase by; 
Trace elements^ Pesticides^ 
Element Oxidation state 
Ag T 51 Herbicide 
Cu 6 
AAtrex 25 
Ba II 3 Alanap 33 
Cd 28 Amiben 13 
Co 15 Banvel 15 
Cu 27 Bladex 2 8 
Fe 19 2,4-D 26 
Hg 42 Dinitramine 7 
Mn 9 Eradicane 11 
Ni 28 Lasso 35 
Pb 30 Paraquat 38 
Sn 10 Sutan 49 
Zn 31 Treflan 32 
A1 III 28 Fungicide 
As 67 
B 24 Menesan 19 
Cr 20 Merpen 23 
Fe 22 
Insecticide 
Se IV 27 
Ti 20 Diazinon 35 
V 6 Malaspray 39 
As V 19 
Mo VI 8 
W 21 
^2 (imole trace element/0.1 mg protein (0.4 itM trace 
element in the incubated enzyme-substrate system). 
^2 |ig of active ingredient of pesticide/0.l mg protein 
(0.4 (j,g/ml in the incubated enzyme-substrate system). 
^Percent inhibition. 
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aerated, Cu(I) and Fe(Il) are oxidized to Cu(II) and Fe(lII), 
respectively. 
Effects of Pesticides 
Pesticides play a significant role in crop production in 
developed countries. The addition of these biological toxic 
agents to soils helps control weeds, diseases, and insects, 
but little is known on their effects of disturbing the bio­
logical cycles of the soil microflora. 
Again, as with the trace elements, the pH of the incuba­
tion medium was controlled with deviations not exceeding +0.2 
pH units. The effects of pesticides on bacterial cimidase 
activities varied considerably (Table 21). By using 0.4 |j,g 
of active ingredient of pesticide/ml in the incubated 
enzyme-substrate system, inhibition ranged from 7 to 49% with 
Dinitramine and Sutan, respectively. The most effective in­
hibitors (greater than 25% inhibition) were Alanap, Bladex, 
2,4-D, Lasso, Paraquat, Sutan, TrefIan, Diazinon, and Mala-
spray. Other pesticides that markedly inhibited bacterial 
amidase activities were AAtrex, Amiben, Banvel, Dinitramine, 
Eradicane, Menesan, and Merpan. The results show that the 
degree of inhibition of bacterial amidase was greater at 2 fig 
of active ingredient of pesticide/0.1 mg protein than 10 [ig 
of active ingredient/g of soil (Part IV). As with the trace 
elements, the order of magnitude of inhibition by the pesti­
cides on the two states of enzyme were somewhat similar. The 
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pesticides are large organic molecules which are strongly 
sorbed by soil constituents. Thus, they did not block the 
active sites or bind to functional groups within the struc­
ture of soil amidase as effectively as bacterial amidase. 
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SUMMARY AND CONCLUSIONS 
Amidase (acylamide amidohydrolase, EC 3.5.1.4) is the 
enzyme that catalyzes the hydrolysis of amides and produces 
their corresponding carboxylic acids and ammonia. Amidase 
activity is widely distributed in nature. It has been de­
tected in many plants, animals, microorganisms, and now in 
soils. The activity of this enzyme in soils deserves special 
attention because its substrates, aliphatic amides, are po­
tential N fertilizers. 
The objectives of this study were; (1) to develop a 
simple and sensitive method for the detection of amidase 
activity in soil and to ascertain the factors influencing the 
observed activity, (2) to characterize soil amidase by deter­
mining its kinetic parameters such as K and V values, 
ul 
activation energy, and Q^^Q's, (3) to study the stability and 
distribution of soil amidase, (4) to evaluate the effects of 
trace elements and pesticides on amidase activity in soils, 
and (5) to study the transformations of N in various amides 
and their derivatives added to soils, and (6) to characterize 
amidase of bacteria isolated from soil. 
The findings can be summarized as follows; 
1. A simple, sensitive, and precise method to assay 
amidase activity in soils was developed. This method involves 
determination by steam distillation of the NH^ produced by 
amidase activity when soil is incubated with buffered (O.l M 
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THAM, pH 8.5) amide solution and toluene at 37°C. The amide 
compounds studied included formamide, acetamide, and pro-
pionamide. The procedure developed gives quantitative re­
covery of NH^-N added to soils and does not cause chemical hy­
drolysis of the substrates. Results showed that this soil en­
zyme has its optimum activity at buffer pH 8.5 and is in­
activated at temperatures above 60°C. By varying the sub­
strate concentration, it was found that the initial velocity 
of the amidase reaction showed zero kinetics at 0.05 M sub­
strate. Steam sterilization destroyed, and formaldehyde, 
sodium fluoride, and sodium arsenite inhibited amidase ac­
tivity in soils. 
2. Studies to determine the kinetic parameters of the 
amidase-catalyzed reaction in soils showed that the values 
of formamide, acetamide, and propionamide for this enzyme are 
similar to those reported by others for the same enzyme iso­
lated from microorganisms. Application of three linear 
transformations of the Michaelis-Menten equation indicated 
that the apparent constants of the three substrates varied 
among the soils studied, but the results obtained by the three 
plots were similar. By using the Lineweaver-Burk plot, the 
values of formamide, acetamide, and propionamide in 
eight soils ranged from 6.7 to 17.9 mH (avg. 12.3), 4.0 to 
5.1 mM (avg. 4.6), and 10.1 to 20.2 mM (avg. 14.5), respec­
tively. The value was the lowest and affinity constant 
was the highest at optimum pH of amidase activity. with the 
IBI 
substrates used in parentheses, the values of the 
eight soils ranged from 138 to 438 p,g NH^-N released/g soil/ 
2 hours (formamide), from 13 to 43 p,g NH^-N released/g soil/ 
24 hours (acetamide), and from 35 to 105 (j.g NH^-N released/g 
soil/24 hours (propionamide). The activation energy values 
for the amidase activity, expressed in kJ/mole, ranged from 
43.3 to 49.8 (avg. 46.9), from 43.2 to 55.5 (avg. 50.0), and 
from 22.6 to 29.8 (avg. 26.5) using formamide, acetamide, and 
propionamide as substrates, respectively. The average tem­
perature coefficient (Q^g) of the amidase-catalyzed reaction 
in the eight soils studied for temperatures ranging from 10 
to 60°C was 1.70 for formamide, 1.73 for acetamide, and 1.42 
for propionamide. 
3. Studies of stability of amidase in soils showed that 
storage of field-moist samples at 5°C for 3 months decreased 
the activity in five soils by an average of 4%. Air-drying 
field-moist samples resulted in decreases in amidase activity 
ranging from 14 to 33% (avg. 21%). Freezing of field-moist 
samples at -20°C for 3 months resulted in activity increases 
ranging from 3 to 16% (avg. 9%). Heating of field-moist and 
air-dried samples for 2 hours before assay of amidase activity 
showed that this enzyme was inactivated at temperatures above 
50°C. The effects observed were similar for the three sub­
strates (formamide, acetamide, and propionamide). 
Amidase activity is concentrated in surface soils and 
decreases with depth. Statistical analysis indicated that 
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the activity of this enzyme is significantly correlated with 
organic C in surface soils (r = 0.74***) and in soil profiles. 
Amidase activity also was significantly correlated with per­
centage N (r = 0.74***), percentage clay (r = 0.69***), and 
urease activity (r = 0.73***) in the 21 surface soil samples 
studied. There was no significant relationship between 
amidase activity and soil pH nor percentage sand. 
Amidase activity and microbial counts obtained with 
acetamide or propionamide as a substrate in the absence of 
toluene indicated that these substrates induce production of 
this enzyme by soil microorganisms. 
4. Laboratory experiments were performed to determine 
the effects of 21 trace elements, 12 herbicides, 2 fungicides, 
and 2 insecticides on amidase activity in three soils. Re­
sults showed that the relative effectiveness of trace elements 
and pesticides in inhibition of amidase activity depends on 
the soil. When the trace elements were compared by using 5 
Hmole/g soil, the average inhibition of amidase in the three 
soils showed that Ag(I), Hg(ll), As(III), and Se(IV) were 
the most effective inhibitors but only Ag(I) and As(III) 
showed an average inhibition > 50%. The least effective in­
hibitors (average inhibition < 3%) included Cu(I), Ba(II), 
Cu(Il), Fe(Il), Ni(ll), AI(III), Fe(lll), Ti(IV), V(IV), 
As(V), Mo(VI), and W(V1). Other elements that inhibited 
amidase activity in soils were; Cd(II), Co(Il), Mn(Il), 
H)« Sn(Il), Zn(II), B(IIl), and Cr(III); their degree of 
183 
effectiveness varied with the soils used. The inhibition by 
As(111) showed competitive kinetics and Ag(I), Hg(II), and 
Se(IV) were shown to be noncompetitive inhibitors of amidase 
activity in soils. 
When pesticides were compared by using 10 fxg of active 
ingredient/g soil, the average inhibition of amidase ranged 
from 2% with Dinitramine, Eradicane, and Merpan to 10% with 
Sutan. Other pesticides that inhibited amidase activity in 
soils were AAtrex, Alanap, Amiben, Banvel, Bladex, 2,4-D, 
Lasso, Paraquat, TrefIan, Menesan, Diazinon, and Malaspray. 
The mode of inhibition by Diazinon, Lasso, and Sutan showed 
noncompetitive kinetics. 
5. Transformations of 25 amides and their derivatives 
were studied in five soils differing in chemical and physical 
properties. The amounts of inorganic N ion species and NH^ 
produced from each compound were compared with those pro­
duced from ammonium sulfate and urea. The fate of N in amides 
were studied in field-moist soil samples treated with 2 mg of 
amide-N (200 ppm) and incubated under aerobic conditions for 
14 days at 30°C. Recovery of the inorganic N ion species and 
NHg produced was affected by the compound and soil used. With 
the exception of cyanamide, dicyandiamide, benzenesulfonamide, 
and sulfanilamide, all other amides and their derivatives were 
hydrolyzed in soils. The amides were categorized according 
to the recovery of NH3-N volatilized and NH^-N, NOg-N, and 
NO3-N accumulation. With the majority of the amides studied. 
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the inorganic N produced accumulated as nitrate. Recovery 
of NOg-N from all soils showed that urea, acetamide, pro-
pionamide, 2-cyanoacetamide, n-butyramide, oxamide, and DL-
lactamide were rapidly nitrified and NOg-N exceeded more than 
50% of the total inorganic N recovery. When thioacetamide, 
fluoroacetamide, and 2-chloroacetamide were applied to all 
five soils, NH^-N exceeded 40% of the total inorganic N re­
covered. The results indicate that the F and CI associated 
with the amide molecular structure inhibits nitrification of 
the amide N in soil. The addition of urea, formamide, N-
benzylformamide, and E-nitrobenzamide to a sandy soil 
(Chelsea) resulted in an accumulation of nitrite. Appreci­
able amounts of ammonia were volatilized when urea, formamide, 
acrylamide, 2-cyanoacetamide, and E'Jtiitrobenzamide were 
applied to soils. With the Chelsea sandy soil, more than 25% 
of the N added as formamide was evolved as NHg. The amount 
of NH^ volatilized from formamide-, acetamide-, propionamide-, 
and urea-treated soils was related to the texture, organic 
matter, and cation exchange capacity of the soils examined. 
Total recovery of amide-N as inorganic N ranged from 1% with 
dicyandiamide to 103% with formamide. 
6. Amidase was extracted and purified from bacteria 
isolated from soil (Okoboji) and compared to the activities 
obtained with soil amidase. Amidase activity of the bacterial 
protein fraction was lower than amidase of soils (average of 8 
soils) in its optimal pH (7,0 vs 8.5), optimal temperature 
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(50 vs 60°C), Micbaelis constant calculated by the Lineweaver-
Bu.rk plot (5.6 vs 12.3 mM), activation energy (18.9 vs 46.9 
kJ/mole) and temperature coefficients (avg.=1.28 vs 1.75), 
Bacterial amidase was stable at temperatures from lO to 50°C 
and denaturation occurred at 55°C. 
The relative effectiveness of 20 trace elements on inhi­
bition of bacterial amidase was tested. The order of magni­
tude of inhibition by the trace elements on the two states 
(free bacterial amidase and amidase in soil) of the enzyme was 
very similar. The most effective inhibitors of bacterial ami­
dase (greater than 25%) were Ag(I), Cd(II), Cu(Il), Hg(II), 
Ni(Il), Pb(Il), Zn(II), AI(III), As(III), and Se(IV). The 
effect of 16 pesticides on bacterial amidase varied consider­
ably, By using 1 (xg of active ingredient of pesticide/0.1 mg 
protein, inhibition of bacterial amidase ranged from 7 to 49% 
with Dinitramine and Sutan, respectively. The results show 
that amidase in soils could be derived from several sources 
(e.g., microorganisms and plants) and soil constituents such 
as humus and clay probably have a considerable influence on 
reactions catalyzed by this enzyme. 
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APPENDIX 
Table 22, Inorganic N recovered from (NH^)2S0^, urea, and amides added to 
Clarion soil^ 
NHg-N NH^-N NO^-N NO^-N 
Compound coil % 
ug/g 
soil % 
{^g/g 
soil % 
ng/g 
soil % 
Tctal 
% 
1 0.5 0.3 25.0 12.5 0 0 155.2 77.6 90.4 
2 0.2 0.1 36.9 18.5 0 0 22.7 11 .4 30.0 
3 0.5 0.3 122.3 61.2 0 0 52.6 26.3 87.8 
4 0.1 0 6.8 3.4 0 0 5.9 3.0 6.4 
5 2.5 1.3 26.1 13.1 0 G 172.6 86.3 100.7 
6 1.3 0.7 24.4 12.2 0 C 128.9 64.5 77.4 
7 2.4 1.2 141.4 70.7 0 0 3.2 1.6 73.5 
8 0.8 0.4 18.7 9.4 0 0 141.6 70.8 80.6 
9 1.5 0,8 117.7 58.9 0 0 0 0 59.7 
10 1.7 0.9 169.0 84.5 0 0 0 0 85.4 
11 1.1 0.6 47.3 23.7 0 0 114.3 57.2 81.5 
12 0.1 0 5.3 2.7 0 0 3.0 1.5 4.2 
13 0.8 0.4 22.3 11.2 0 0 124.5 63.2 73.9 
14 1.4 0.7 17.0 8.5 0 0 139.1 69.6 78.8 
15 0.6 0.3 21 .8 10.9 0 0 129.8 64.9 76.1 
16 0.8 0.4 187.0 93.5 0 0 0 0 93.9 
17 0.4 0.2 93.7 46.9 0 0 82.3 14.2 88.3 
18 0.1 0 46.4 23.2 0 0 0 0 23.2 
19 1.5 0.8 11.0 5.5 0 0 117.1 58.6 64.9 
20 0.5 0.3 18.4 9.2 0 0 85,7 42.9 52.4 
21 1.0 0.5 71.5 35.8 0 0 44.5 22.3 58.6 
22 0.2 0.1 12.9 6.5 0 0 53.7 26.9 33.5 
23 0.3 0.2 78.0 39.0 0 0 0 0 39.2 
24 0.8 0.4 59.8 29.9 0 0 47.9 24.0 54.3 
25 0.3 0.2 6.4 3.2 0 0 0 0 3.4 
26 0.9 0.5 120.7 60.4 0 0 0 0 60.9 
27 0.2 0.1 1.1 0.6 0 0 4.7 2.4 3.1 
^2.0 mg of N was added to 10 g samples of Clarion soil and incubated at 30°C 
for 14 days. For the compounds studied, see Table 15. 
Table 23. Inorganic N recovered from , urea, and amides added to 
Chelsea soil^ 
Compound 
NH3-] NH4--N NOo-N NO3-•N 
Total 
% 1 i ig/g soil % |ig/g soil % p,g/g soil % (j,g/g soil % 
1 33.7 16.9 3.0 1.5 11.5 5.8 107.8 53.9 78.1 
2 5.0 3.0 40.5 20.3 0 0 53.4 26.7 50.0 
3 4.6 2.3 1.9 1.0 0 0 182.3 91.2 94.5 
4 0.2 0.1 14.8 7.4 0 0 0 0 7.5 
5 56.6 28.3 18.0 9.0 42.3 21.2 75.9 38.0 96.5 
6 27.0 13.5 1.7 0.9 0.7 0.4 114.9 57.5 72.3 
7 46.3 23.2 7.9 4.0 0 0 95.8 47.9 75.1 
8 26.3 13.2 1.5 0.8 0.4 0.2 129.4 64.7 78.9 
9 5.9 3.0 142.3 71.2 0 0 0 0 74.2 
10 27.2 13.6 152.7 76.4 0 0 Û 0 90.0 
11 36.1 18.1 1.1 0.6 0 0 125.4 63.2 81.9 
12 0 0 13.4 6.7 0 0 0 0 6.7 
13 27.1 13.6 1.1 0.6 0 0 107.9 54.0 68.2 
14 19.7 9.9 2.3 1.2 0 0 139.3 69.7 80.8 
15 19.3 9.7 3,2 1.6 0 0 130.0 65.0 76.3 
16 18.4 9.2 163.9 82.0 0 0 0 0 91.2 
17 11.3 5.7 0.8 0.4 0 0 168.1 84.1 90.2 
18 2.4 1.2 39.7 19.9 0 0 0 0 21.1 
19 12.4 6.2 0.8 0.4 0 0 117.1 58.6 55.2 
20 11.4 5.7 0.8 0.4 0 0 101.1 50.6 55.7 
21 15.5 7.8 16.8 8.4  28.1 14.1 34.3 17.2 47.5 
22 15.3 7.7 0.8 0.4 0 0 112.8 56.4 54.5 
23 13.6 6.8 2.5 1.3 0 0 114.1 57.1 55.2 
24 6.7 3.4 2.1 1.1 0 0 105.8 52.9 57.4 
25 0.4 0.2 5.3 2.7 0.8 0.4 0 0 3.3 
26 40.5 20.3 97.1 48.6 9.5 4.8 1.5 0.8 74.5 
27 0 0 0.6 0.3 0 0 8.1 4.1 4.4  
^2.0 mg of N was added to 10 g samples of Chelsea soil and incubated at 30°C 
for 14 days. For the compounds studied, see Table 15. 
Table 24, Inorganic N recovered from (NH^)2^^4' urea, and amides added to Downs 
variant soil^ 
NH3-N NH4-•N NOg-N NOg-R i 
% 
Total 
% CompoT-ind [ig/g soil % jag/g soil % ng/g soil % (j,g/g soil 
1 8.9 4.5 0.2 0.1 0 0 160.0 80.0 84.6 
2 8.5 4.3 165.5 83.8 0 0 0.7 0.4 87.5 
3 3.7 1.9 0.7 0.4 0 0 156.5 78.3 80.6 
4 0 0 3.5 1.8 0 0 14.5 7.3 9.1 
5 14.9 7.5 0.7 0.4 0 0 183.8 91.9 99.8 
6 5.3 2.7 1.2 • 0.6 0 0 150.6 75.3 78.6 
7 9.9 5.0 62.7 31.4 0.5 0.3 80.3 40.2 76.9 
8 5.6 2.8 7.0 3.5 0.3 0.2 130.4 65.2 71.7 
9 7.2 3.6 163.3 81.7 1.0 0.5 0 0 85.8 
10 8.7 4.4 145.0 72.5 0 0 37.3 18.7 95.6 
11 7.0 3.5 1.6 0.8 0 0 151.8 76.9 80.2 
12 0 0 3.1 1.5 0 0 4.5 2.3 3.8 
13 4.6 2.3 0.5 0.3 0 0 124.4 62.2 64.8 
14 4.9 2.5 2.3 1.2 0.1 0 143.7 71.9 75.6 
15 5.7 2.9 0.4 0.2 0 0 140.1 70.1 73.2 
16 11.8 5.9 131.7 90.9 0 0 2.4 1.2 98.0 
17 6.0 3.0 12.9 6.5 0 0 150.4 75.2 84.7 
18 0.2 0.1 12.4 6.2 0 0 37.3 18.7 25.0 
19 .3.5 1.8 1.0 0.5 0 0 121.6 60.8 63.1 
20 4.3 2.2 33.5 16.8 0 0 94.4 47.2 66.2 
21 4.3 2.2 77.0 38.5 0 0 46.4 23.2 63.9 
22 1.6 0.8 8.7 4.4 0 0 94.1 47.1 52.3 
23 6.2 3.1 73.4 36.7 0 0 60.3 30.2 70.0 
24 2.9 1.5 4.0 2.0 0 0 107.5 53.8 57.3 
25 0.1 0 9.2 4.6 0 0 15.0 7.5 12.1 
26 4.0 2.0 11.9 6.0 0 0 105.8 52.9 60.9 
27 0 0 0 0 0 0 12.2 6.1 6.1 
^2.0 mg of N was added to 10 g samples of Downs variant soil and incubated at 
300c for 14 days. For the compounds studied, see Table 16. 
Table 25, Inorganic N recovered from (NH^)2S0^, urea, and amides added to 
Canisteo soil^ 
Compound 
NHg-N NH4-N N02~N NO3-N 
Total 
% (j,g/g soil % (j,g/g soil % |ig/g soil 5 |ig/g soil % 
1 3.7 1.9 1.2 0.6 0 0 170.8 85.4 87.9 
2 7.4 3.7 146.0 73.0 1.5 0 . 8  6.9 3.5 81.0 
3 3.3 1.7 0.5 0.3 0 0 171.3 85.7 87.7 
4 0.2 0.1 6.3 3.2 0 0 12.6 6.3 9.6 
5 7.8 3.9 1.2 0.6 0 c  196.4 98.2 102.7 
6 2.8 1.4 1.4 0,7 0 0 157.5 78.8 80.9 
7 7.0 3.5 28.2 14.1 2.2 1.1 122.1 61.1 79.8 
8 2.3 1.2 0 0 0.3 0.2 153.0 76.5 77.9 
9 2.7 1.4 109.3 54.7 2.2 1.1 22.9 11.5 68.7 
10 5.4 2.7 77.4 38.7 0.5 0,3 86.6 43.3 85.0 
11 2.4 1.2 0 0 0 0 164.8 82.4 83.6 
12 0 0 3.1 1.6 0 C 8 . 7  4.4 6.0 
13 2.6 1.3 1.4 0.7 0.1 0 143.5 71.8 73.8 
1 4  1.5 0.8 0.4 0.2 0 0 165.2 82.6 83.6 
15 2.8 1.4 0.9 0.5 0.3 0.2 158.2 79.1 81.2 
16 8.9 4.5 135.2 67.6 0,5 0.3 20.0 10.0 82.4 
17 2.9 1.5 1.2 0.6 0.5 0.3 177.7 8 8 . 9  91.3 
18 0.6 0.3 1.2 0.6 0.3 0.2 130.0 65.0 66.1 
19 1.4 0.7 4.5 2.3 0.1 0 64.9 32.5 35.5 
20 1.5 0.8 1.1 0.6 0.3 0.2 124.3 62.2 63.8 
21 1.4 0.7 1.1 0.6 0.3 0.2 136.7 68.4 69.9 
22 0.1 0 0.8 0.4 0.3 0.2 123.4 61.7 62.3 
23 3.1 1.6 16.6 8.3 1.3 1.7 118.8 59.4 71.0 
24 0.5 0.3 4.5 2.3 0.3 0.2 115.1 57.6 60.4 
25 0 0 0.5 0.3 0 0 22.3 11.2 11.5 
26 1.4 0.7 0.7 0.4 0 0 137.8 68.9 70.0 
27 0 0 0.4 0.2 0 G 10.4 5.2 5.4 
^2.0 mg of N was added to 10 g samples of Canisteo soil and incubated at 30'^C 
for 14 days. For the compounds studied, see Table 16. 
Table 26. Inorganic N recovered from (NH^)2S0^, urea, and amides added to 
Harps soil®' 
Compound 
NH3-N NH^-N NO2-N NO3-N Total 
% lag/g soil % ug/g soil % (j.g/g soil % [ig/g soil % 
1 5.8 2.9 1.0 0.5 0 0 161.8 80.9 84.3 
2 4.6 2.3 85.0 42.5 0 0 67.1 33.6 76.4 
3 4.0 2.0 1.0 0.5 0 0 159.9 80.0 82.5 
4 0 0 1.7 0.9 0 0 14.6 7.3 8.2 
5 7.5 3.8 0.7 0.4 0 0 194.6 97.3 101.5 
6 4.4 2.2 2.1 1.0 0 0 137.7 68.9 72.1 
7 7.2 3.6 98.4 49.2 1.1 0.6 26.1 13.1 66.5 
8 4.1 2.1 14.3 7.2 2.2 1.1 103.5 51.8 62.2 
9 3.9 2.0 104.7 52.4 2.5 1.3 1.2 0.6 56.3 
IC 6.9 3.5 96.7 48.4 0 0 42.8 21.4 73.3 
11 4.6 2.3 1.2 0.6 0 0 157.8 78.9 81.8 
12 0 0 0.9 0.5 0 0 10.8 0.5 1.0 
13 4.7 2.4 14.8 7.4 1.1 0.6 95.9 48.0 58.4 
14 1.9 1.0 1.0 0.5 0 0 154.0 77.0 78.5 
15 4.5 2.3 11.5 5.8 2.2 1.1 112.4 56.2 65.4 
16 10.2 5.1 117.6 58.8 0 0 7.2 3.6 67.5 
17 4.1 2.1 1.6 0.8 0.5 0.3 159.9 80.0 83.2 
18 1.4 0.7 5.9 3.0 2.9 1.5 47.9 24.0 29.2 
19 1.6 0.8 1.4 0.7 0.5 0.3 100.4 50.2 52.0 
20 2.0 1.0 12.4 6.2 0.6 0.3 90.4 45.2 52.7 
21 2.1 1.1 64.3 32.2 1.0 0.5 44.0 22.0 55.8 
22 1.7 0.9 2.6 1.3 2.9 1.5 100.0 50.0 53.7 
23 5.0 2.5 6 9 . 9  35.0 3.0 1.5 38.9 19.5 58.5 
24 2.3 1.2 34.2 17.1 1.0 0.5 70.5 35.3 54.1 
25 0 0 1.9 1.0 0 0 8.7 4.4 5.4 
26 2.1 1.1 4.2 2.1 0 0 122.9 61.5 64.7 
27 0 0 0 0 0 0 6.8 3.4 3.4 
^2.0 mg of N was added to lO g samples of Harps soil and incubated at 30°C 
for 14 days. For the compounds studied, see Table 16. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
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Total percentage recovery as inorganic N of 
organic N in the compounds studied 
Total organic N recovered as inorganic N 
in soil specified 
Chelsea Clarion Downs Harps Canisteo Avg. 
78.1 
50.0 
94.5 
7.5 
96.5 
72.3 
75.1 
78.9 
74.2 
90.0 
81.9 
6.7 
68.2 
80.8 
76.3 
91.2 
90.2 
21.1 
65.2 
56.7 
47.5 
64.5 
65.2 
57.4 
3.3 
74.5 
4.4 
90.4 
30.0 
87.8 
6.4 
100.7 
77.4 
73.5 
80.6 
59.7 
8 5 . 4  
81.5 
4.2 
73.9 
78.8 
76.1 
93.9 
88.3 
23.2 
64,9 
52.4 
58.6 
33.5 
39.2 
54.3 
3.4 
60.9 
3.1 
84.6 
87.5 
80.6 
9.1 
99. 8 
78.6 
76.9 
71.7 
85.8 
95.6 
80.2 
3.8 
64.8 
75.6 
73.2 
98.0 
84.7 
25.0 
63.1 
6 6 . 2  
63.9 
52.3 
70.0 
57.3 
12.1 
60.9 
6.1 
84.3 
78.4 
82.5 
8 .2  
101.5 
72.1 
66.5 
62.2 
56.3 
73.3 
81.8 
1.0 
58.4 
78.5 
65.4 
67.5 
83.2 
29.2 
52.0 
52.7 
55.8 
53.7 
58.5 
54.1 
5.4 
64.7 
3.4 
87.9 
81.0 
87.7 
9.6 
102.7 
80.9 
79. 8 
77.9 
68.7 
85.0 
83.6 
6.0 
73.8 
83.6 
81.2 
82.4 
91.3 
66.1 
35.5 
63.8 
69.9 
62.3 
71.0 
60.4 
11.5 
70.0 
5.4 
85.1 
65.4 
86.6 
8.2 
100.2 
76.3 
74.4 
74.3 
68.9 
85.9 
81.8 
4.3 
67.8 
79.5 
74.4 
86.6 
87.5 
32.9 
56.1 
58.4 
59.1 
53.3 
60.8 
56.7 
7.1 
66.2 
4.5 
